
The Teaching of 

ARITHMETIC 

in Priniary Schools 



Oxford University Press 










THE TEACHING OF ARITHMETIC 
IN PRIMARY SCHOOLS 




THE TEACHING OF ARITHMETIC 


IN PRIMARY SCHOOLS 


by 

L. W. DOWNES 
and D. PALING 


LONDON 

OXFORD UNIVERSITY PRESS 



Oxford University Press , Amen House , London , E.C.4 

GLASGOW NEW YORK TORON TO Ml LBOURNL WtLl TNG TON 
BOMBAY CALCUrrA MAI)R \S KARACHI LAHORE DACCA 
CAPE TOWN SALISBURY NAIROBI IBADAN ACCRA 
KUALA LUMPUR HONG KONG 


© Oxford University Press 1918 


First published 1918 
Eighth impression 1919 


Printed in Cjreat Britain by 
Butler & Tanner Ltd , Frome and London 



PREFACE 


This is a book on the teaching of arithmetic for teachers who 
are not necessarily mathematicians. 

It has been written at a time when, all over the world, there 
is an increasing and continuous demand for more and better 
scientists and technicians. This in turn creates a need for greater 
and quicker development of scientific and technological educa- 
tion. Unfortunately, this development is being held up in many 
areas owing to the shortage of suitably qualified teachers, par- 
ticularly of mathematics. Investigations have shown that this 
shortage is largely due to lack of enthusiasm and wrong attitudes 
towards mathematics, often among people who intend to be- 
come teachers. Further investigations have shown that these 
wrong attitudes have first been formed during primary-school 
education. 

We believe that a change of attitude is not possible without 
some reconsideration of the arithmetic now taught in the 
primary schools. 

Arithmetic can be satisfying and enjoyable to those who teach 
and those who learn. Without this enjoyment and satisfaction, 
progress is bound to be slow and horizons are bound to be 
limited. 

Most teachers will agree that it is possible to teach a certain 
amount of arithmetic without very much understanding on the 
part of either teacher or child. But real progress comes only 
when both understand, at their respective levels, the funda- 
mental bases of the work they are doing. This understanding is 
not only necessary, but perhaps most important, at the begin- 
ning \ when children first deal with arithmetic. 

The understanding of number depends most of all upon the 
understanding of the meaning of spoken and written words. 
This book places particular emphasis upon these needs and 
discusses ways by which such understanding may be gained. 

Another prerequisite of success is that new ideas and 
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processes should be dealt with one at a time. This means that 
the work must be arranged, by the teacher, in carefully graded 
steps. Suggestions for such grading are given in detail through- 
out the book. 

A book of this kind cannot be written without frequent refer- 
ence to and help from others. Our thanks are especially due to 
the many teachers and students from all parts of the world who 
have helped to throw light on the many teaching problems com- 
mon to us all. We ought, too, to thank those of our pupils whose 
lack of understanding has caused us to think more carefully 
about what and how we teach and how children learn. 

The authors are very grateful to the general editor of the 
series for his unfailing help, advice, criticism and patience, and 
to Miss R. Furze for her valuable help in the preparation of the 
manuscript. 

L. W. Downes 
D. Paling 

St. Luke's College 
Exeter 

June 1919 


NOTE 

In some parts of the world people have retained original systems 
of number for their everyday affairs. In this book all examples 
are in the tens system, since this is in universal use for inter- 
national and scientific affairs. 

Units of money and measurement, however, differ greatly, 
and are by no means so generally accepted, although the metric 
system is commonly adopted for scientific purposes. But many 
countries stick to their own units for ordinary usage. In this 
book the authors employ the British systems — as examples, 
neither because these are widely understood nor on grounds 
of nationality, but because they are probably the most difficult 
in common use. Thus it is comparatively easy for any teacher 
to apply the principles and recommended teaching methods to 
any simpler system of units. 
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CHAPTER I 


THE PURPOSE AND USE OF THIS BOOK 
(/) The aim ’of the book 

This book has a practical aim. It is intended to show the many 
ways in which teachers may help children to learn arithmetic. It 
is hoped that it may also help teachers to get a better under- 
standing of the subject, so that, in turn, children may under- 
stand better what they are taught. Any book on teaching method 
should ultimately benefit children, otherwise it has little value 
for the teacher. 

A child’s success in arithmetic depends largely upon three 
things. First, it depends upon whether the child, in school and 
out of school, has experiences which help him to understand 
what he is doing when he deals with number. That is, if the work 
is to have meaning for him, it must be related to previous ex- 
periences. Second, a child’s success depends upon the teacher’s 
own understanding of what he is teaching. Without real under- 
standing, teaching cannot be effective. Third, a child’s success 
depends upon careful planning and grading of the work: the 
child must proceed gradually, not meeting too many difficulties 
at the same time, and must be given adequate practice at every 
stage. 

The material in this book is built up on the basis of these 
three points. 

(2) The arrangement of the book 

Each of the three points may be considered briefly. 

(a) Childrens experience —In order to satisfy the first of the 
conditions lor a child's success, we have to consider how the 
child gets his first ideas of number and how we may develop 
these at school. We have to give him experiences which help him 
to understand and, iater, to increase the speed and accuracy of 
his work. The early chapters of this book attempt to show how 
we may best deal with these early stages. 
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(b) The teacher's understanding — It is difficult for us as teachers 
to put ourselves in the position of a child who is trying to learn. 
We have forgotten the days when we began to learn arithmetic. 
Moreover, we know so much more than the children that it is 
not easy for us to see their difficulties. Several chapters in this 
book are each preceded by a piece of work, often similar to 
that to be done by the child, which the teacher may like to try. 
It is hoped that these sections will help the teacher’s under- 
standing of his topic; also that they will help him to imagine 
the child's position, and to appreciate and treat sympathetically 
the child’s probable difficulties. 

(c) Planning and grading the work— With regard to the third 
point, this book considers the steps by which most children 
develop their ability to do arithmetic. We must be aware of 
these steps in all their details if we are to help children to climb 
them. Further, it is not enough for us to know the steps in the 
particular process we are teaching: we should know what comes 
before and after. If we do not know the full range of the subject, 
we are unlikely to be able to help the child who is having trouble 
or plan ahead for the one who is doing well. The analysis of 
teaching steps, given at the end of various chapters, should help 
the teacher to keep this wider view in mind. It should also help 
him to find the source of certain difficulties, and to plan his 
lessons so that each stage leads naturally and easily to the 
next. 

(3) The use of the book 

It is hoped that the book will prove helpful in various ways. 

(a) To teachers in their everyday class-room work. The book as a 
whole gives a broad background for the teaching of a pumary 
course in arithmetic. Hut it is also arranged for day-to-day 
reference and planning. For example, a teacher with a class of 
children aged about seven or eight, may have to teach the sub- 
traction process as part of the first term’s work. It is suggested 
that he may read or re-read Chapter VI (‘Introducing children 
to subtraction’), which covers the previous work. He may then 
try ‘Something to think about — 3’, which precedes Chapter XII 
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and may help him to see some probable difficulties. Next, the 
teacher may read Chapter XII (‘More about subtraction’) and 
take careful note of the method he intends to use. Lastly, he 
may go through the steps in teaching (Analysis 2) at the 
end of Chapter XII, in order to have a guide for future 
work. 

The book suggests ways of preparing suitable examples for 
children. For instance, the lists and ‘sets’ of number ‘facts’ in 
various chapters provide the material for practice-cards and 
tests. Illustrations and descriptions offer help in the construc- 
tion of apparatus needed for effective teaching. Varied lines of 
approach are suggested, so that learning may be and remain 
enjoyable. 

( b ) To head-teachers in planning the details of the arithmetic 
syllabus. The work of each class should fit neatly into that of 
the last and the next, so that every child works at the proper 
level according to his stage of development. The Analyses 
should help a head-teacher to check the progress of each class 
from time to time. 

(c) To teachcrs-in-training by giving the beginner a wide and sure 
foundation for his future teaching. The student is recommended 
to read the early chapters of this book (I to X) as part of his 
general study of child development. Introductions to various 
chapters (‘Something to think about’) may be studied before 
the relevant lecture on Arithmetical method. This may give 
more emphasis to the particular chapter and help the student to 
see the child’s probable point of view. (This approach is often 
used successfully in the mathematics departments of training 
colleges.) 

(d) To tutors , lecturers and inspectors who may not be special- 
ists in the teaching of arithmetic, yet may have to give advice or 
even supervise lessons. It is hoped, at least, to encourage 
standardization within a school, and within an area (particu- 
larly where some children go on from several primary schools 
to a central secondary school). Such standardization is essential 
for a child’s rapid progress, and it helps to avoid many of a 
teacher’s problems. 
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(4) Adapting the book for different systems 

In a book of this kind it is impossible to discuss in detail the 
arithmetic of different number and money systems* and how it 
may be affected by different languages and environments. 
Nevertheless, this book is designed for use in many different 
parts of the world, because the underlying principles may be 
applied equally well to the teaching of arithmetic anywhere. 

No two schools, no two teachers, no two children are quite 
alike: variation is inevitable. Each teacher has to adapt ideas to 
his own particular circumstances. For example, in an area 
where the units of money are different from those used here, a 
resourceful teacher may copy the relevant parts of the book, in 
note form, using the currency system of his own district. 
Similarly, he should take his illustrations and examples from 
the local surroundings and daily lives of the people. But, all the 
time, he should use the same general principles and a very 
careful grading of the work similar to that suggested. 

* The British system of money is taken as an example in this book, partly 
because the authors are British, but chiefly because the system is probably the 
most dijficuh in common use. It is easy, therefore, for teachers to apply the 
principles and teaching methods to simpler systems. 



CHAPTER II 


WHY DO WE TEACH ARITHMETIC? 

A well-known educationist once said that teachers never ask 
this question. They know that, in any case, they have to teach 
arithmetic, and are content to leave it at that. 

Surely we should not be content. When we spend much time 
(usually one period per day, at least) on arithmetic, we ought to 
know why we think the subject is so important. If it is not im- 
portant, we should not waste our own and the children’s time 
and energy on it. Moreover we must be able to give a satis- 
factory reply to the question ‘Why teach arithmetic?’ because 
upon our answer depends not only the arithmetic we teach but 
our methods of teaching it. 

(7) Arithmetic is useful in everyday life 
In his early days, when Man lived in trees and caves, he did not 
need arithmetic. He had no ambition for the future, only im- 
mediate concern for the welfare of his children. His needs, apart 
from food and shelter, were very few. But when Man began to 
live in communities, he wanted better tilings for himself and his 
family. With developing civilization his needs grew and he 
found it necessary tr calculate. He wanted to count his posses- 
sions, to compare and assess their value. He began to need the 
language of number and the ability to understand it when it was 
used by his fellows. 

It may be said, in fact, that the urge for arithmetical know- 
ledge arose in trading. A man had to be able to compare and 
estimate the value and prices of goods, in order to get food 
and clothes for his family, to buy tools for his work, and so on. 
To a certain extent such knowledge may be passed on from 
parents to children in a simple society. But the life and commerce 
of any community constantly increases in complexity. The new 
generation needs more knowledge of number than the old. Thus 
we come to teach arithmetic in schools. 
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(2) Arithmetic helps our understanding of the world 
A knowledge of number is necessary for the understanding of 
many activities. To take just one example, ‘time’ is important 
in a child’s school-day. It is also connected with the seasons, 
with farming and industrial activities, and with marketing. The 
question of time becomes even more important as new machin- 
ery and techniques are introduced into a community. A true 
appreciation of history depends upon a time-sense, which in- 
cludes arithmetical ideas like those of time-charts, date-lines, 
etc. 

Arithmetic is also important for the understanding and study 
of many natural phenomena: wind, rainfall, tides, heights and 
depths, temperatures, etc. 

Moreover, aeroplanes, newspapers, radio and television bring 
ever closer contacts between people all over the world. News 
travels further and faster every day. Arithmetic helps people to 
understand the news, which often contains references to graphs, 
percentages, averages, index numbers and so on. It may also 
help them to be more critical of what they see and hear. 

(5) Arithmetic helps to develop a healthy attitude towards learning 
As teachers one of our tasks, perhaps the most important one, 
is to encourage in children a desire for the truth. We want our 
children to be obedient and respectful to their ciders and to 
have high regard for good traditions. But we do not want them 
to grow up submissive, ready to believe anything they hear or 
read. If they merely absorb knowledge, as a sponge absorbs 
water, they are likely to grow up at the mercy of any trickster, 
ready to accept untruths and false propaganda without question. 

To be able to pass examinations is not enough. We want 
children to learn to think for themsleves. They should be able 
to decide what knowledge is worth having. They should know 
how to apply and use their knowledge. We hope that they can 
see what is wrong or inaccurate and how it may be put right. In 
other words, their education should help them to become 
searchers after truth. 

Arithmetic, properly taught, helps to develop this attitude. 
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Children begin to realize that a result may be right or wrong, 
that its accuracy may be tested, and that it is necessary to work 
in a logical order. They gradually build up a systematic approach 
to problem-solving, and learn that they must always deal with 
the facts as they are and not as they would like them to be. 

(4) Arithmetic is necessary in a study of science 
This book is one of a series on the teaching of science. It is 
included because a sound arithmetical knowledge is essential for 
a study of science. This requires the ability to make detailed 
observations, careful measurements and accurate calculations. 
Skill of this kind cannot be taught or acquired just when it is 
needed for science. It has to grow gradually with the developing 
mind of the child. For example, in a science lesson the teacher 
may be dealing with quantities of seed, fertilizer or produce in 
connexion with a certain area of land. He has no time to spend 
at that stage on multiplication, division, area, weight, per- 
centage, etc. He expects the children to have learned these in the 
arithmetic lessons of earlier years. In fact a good arithmetic 
teacher may have used simple illustrations and examples based 
on agricultural matters. Thus arithmetic provides a necessary 
foundation of knowledge, and may also give increased meaning 
to subsequent science lessons. 

Again, arithmetic may well give children their first ideas of 
scientific methods: for example, through the collection of 
material and data, the statement of a problem, the approach to 
new work, the use of apparatus, ways of solving problems, 
always proceeding from the known to the unknown. The good 
arithmetic teacher often uses a scientific approach in his work 
and thus encourages children, at a very simple level, to do the 


same. 



CHAPTER III 


THE MODERN APPROACH TO ARITHMETIC 
—WHAT SHALL WE TEACH AND HOW SHALL 

WE TEACH IT? 

(7) How much arithmetic shall we teach ? 

One of the main reasons for teaching arithmetic is that it is 
useful in everyday life. In this case we must make sure that we 
teach, first of all, the topics which children and adults arc most 
likely to need for their ordinary affairs. We should also use 
everyday things and events to give meaning to this arithmetic 
and its written symbols. 

What, then, is this desirable minimum of arithmetic which we 
want all our children to know? Perhaps we may put it very 
briefly like this: - 

(/) The ability to count quickly. 

(n) The ability to add, subtract, multiply and divide small 
numbers, mentally and on paper. (Everyday numbers seldom 
reach and very rarely go beyond thousands.) 

(Hi) A knowledge of coins. 

( / v) The ability to buy (and sell) goods without making mistakes. 
This includes the ability to assess the value of goods in terms of 
money. In general, we are concerned with small amounts of 
money. (It is very rare indeed to find an occasion in everyday life 
for an example such as: £569. 17.?. \0$tL >' 347.) 

(v) The ability to tell the time and to use various kinds of time- 
table. 

(ri) The ability to estimate and measure lengths or distances. 
(vii) A knowledge of the common weights and measure > of 
capacity. 

In the past there has been a tendency to teach, to all children, 
much more than this, including parts of arithmetic which have 
little value. At the same time the important parts were not 
taught well enough. Processes and problems which had little 
meaning for children often took up much of the time. Con- 
sequently many children failed in the early stages of learning. 
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lost enthusiasm and interest, and developed an unhealthy atti- 
tude to arithmetical work. Now it is only natural that we want 
to pass on to all our children all the arithmetic we ourselves 
learned at school. But it is wrong to assume that, because we 
did particular parts of arithmetic by a particular method, those 
arc the most suitable parts and that the best method. They may 
not be suitable or best, particularly for the less able children. 
We have to remember that teachers are usually a selected group, 
most of whom, as children, found little difficulty in arithmetic. 
We cannot assume that all children find it easy. On the other 
hand, we should not go, as some present-day teachers do, to the 
opposite extreme. We must not make the mistake of assuming 
that all traditional subject-matter and methods arc wrong and 
so we must scrap the lot. Change is not necessarily for the 
better. We have to find out where material is unsuitable 
and where methods fail, and then try to make improve- 
ments. 

Thus, although we realize that the arithmetic needed by most 
people in everyday life is not very extensive, we should not for- 
get that this is a minimum. There are many children who should 
progress further, particularly those who are able to go on to 
study mathematics and science Such children need every 
opportunity we can find for stimulation and independent 
thought. 

It appears, thereto-**, that what we teach must depend upon 
the individual abilities, needs and differences, of the children 
in our care. It is now acknowledged by teachers all over the 
world that we can no longer teach ‘the class': we must 
not only know how children learn but study their individual 
development. 

(2) The necessity for arithmetical rules 

For quick and accurate calculation it is necessary to obey rules. 
A child who does not follow the rules makes many and frequent 
mistakes, whereas the habits formed by practising good rules 
lead to efficiency. 

There are good and bad rules. Any rule which tends to stop 
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a child thinking is bad; it tends to prevent his learning some- 
thing new. For example: — 

Some teachers say: ‘A quick way of multiplying by ten is “add 
on a nought”.’ This is a bad rule for three reasons: 

(/) As stated, it is wrong. (If we ‘add a nought’ to 15, the answer 
is 15, not 150.) 

(/'/) It does not help a child to understand that he should make 
use of his knowledge of place-value. 

(/'//) When applied to decimals, it may lead to mistakes. 

In general, rules should be explained, with many examples, and 
a good rule is one which is fully understood. (There are, of 
course, times when explanation or proof of a rule should not be 
attempted. For example, older children may have to use the 
formula, nr 2 , for the area of a circle. The mathematical proof of 
the formula is too difficult for them and would merely confuse 
them. But even in a case of this kind we should show, by practical 
means, that the rule is reasonable and gives us a method of 
finding the right answer quickly.) 

(3) The need for practice 

Good habits come through practice. As children progress in 
their arithmetical work, the facts and processes they already 
know should become a matter of habit, leaving them free to 
devote their minds to fresh ideas. For example, by the time 
children begin to do ‘long division’ they should know all the 
simple number facts without having to stop and think about 
them. 

Habits are acquired mainly through repetition. But we must 
remember that this repetition should be interesting and varied, 
and that it should be based on understanding. For example, 
tables should not merely be ‘said’, but should be studied and 
learned in a variety of ways. Moreover, the children should first 
understand each fact in the tables, and should know what 
tables are and how they arc built up. 

Some teachers may think that this is a slow and laborious 
way of ‘getting results’. They may feel that it is better to leave 
out explanations and just ‘hammer in the facts’. But, in the long 
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run, children who understand prove superior to those who 
blindly follow rules. When they forget (and there are many 
reasons why children do forget) their understanding helps 
memory. They are also able to practise and study by themselves 
and so make greater progress. 

(4) Making sure progress 

‘Proceed from the known to the unknown’ is a well-worn phrase, 
but nevertheless an instruction to be followed. When children 
first come to us in a new class we must find out what they know. 
This gives us the foundation on which we may build firmly, and 
helps us to ensure that the children make good progress. 

In arithmetic it is not easy to check the children’s knowledge, 
because it is almost impossible to devise tests to cover the whole 
of a child's previous work. But it cannot be too strongly 
emphasized that we must never assume, without testing, that- 
children know the previous steps in some part of the course. 
For example, it is waste of time to start teaching the later stages 
of the multiplication process if the children are not confident 
about the early number facts, and if some of them still count 
on their fingers. With these children we have to go right back to 
the beginning. In other words, we must make sure of the position 
before starting new work. The good teacher takes nothing for 
granted. 

(5) Grading the work 

Similarly, we should grade the work so that each child goes into 
the new ‘unknown’ step with sure knowledge of the steps 
behind him. Many detailed suggestions for the grading of the 
work in arithmetic are given in this book. But they should not 
be accepted uncritically. Each teacher should decide upon 
his own methods, choosing those which best suit him and 
his children in the particular circumstances of their own 
surroundings. 

(6) Enjoyment in arithmetic 

In this and the two preceding chapters it is implied that the 
child’s attitude to learning is of the utmost importance in his 
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education. When children dislike a subject they do not want to 
go on learning it at school, and so their progress, if any, is slow. 
They certainly want no more to do with it when their schooldays 
are ended. And in many ways their attitude will influence the 
education of future generations. 

In some schools arithmetic has been a dull uninteresting sub- 
ject. Many children gave it up as soon as they could, and would 
have no more to do with it. This need not have happened. 
Arithmetic, properly taught, can be fun: that is, enjoyable hard 
work. Not only should the children get the satisfaction of 
achievement and success, but they should also enjoy doing the 
work itself. For most children this is the secret of progress. 

Arithmetic demands close concentration, at least for short 
periods. But anyone who watches their leisure-time activities 
knows that even young children show intense concentration. 
They concentrate because they enjoy what they arc doing. We 
fail in our duty if children do not enjoy our lessons and show 
the absorbed interest of which they are capable. 



SOMETHING TO THINK ABOUT— 1 
( Number-names and - symbols ) 


Like similar sections in later pages, this is intended to 
help teachers to get a better understanding of : — 

(a) How children learn. 

(b) How much children can be expected to learn at 
various stages. 

(c) Why many children may not find the learning easy. 

(d) Why good teaching methods are necessary. 

(e) The reasons for teaching by methods such as those 
recommended in this book. 

We grown-ups tend to forget our childhood very 
easily. Can we remember how wc learned to read, or 
how we learned arithmetic? We remember very little, 
and it is almost certain that we have taken this learning 
for granted. Did it just happen, or was it something 
which we gained after long and painful experience? 

It is not easy to go back over our lives to those early 
years, but, to be able to do our work well, we must try 
to understand the difficulties which a child finds when 
starting to learn about number. We must try, somehow, 
to put ourselves in the place of the child. 

Let us see whether w'c can do this. Let us see whether 
we can get some idea of the difficulties which a child 
may meet when he first deals with numbers up to ten. 

Obviously it cannot help our understanding of these 
difficulties if, at grown-up level, we deal with a number 
system which we already know. So let us, for this pur- 
pose, suppose we have new names for the numbers from 
one to ten. For example, we may have:— 

Yuh, Nye , Ted , Nay, Shons, Kec , Lee, Man , Jail, Roh; 
instead of ‘one’, ‘two’, ‘three’, etc. 
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Now, imagine that you are a child. You have just 
started school and everything is strange to you: the 
schoolroom, the desks, the discipline, the teachers, and 
even some of the children. You are one of the children 
who cannot yet count properly. You have heard your 
brothers and sisters counting and your parents using 
words which seem to mean groups of things. You have 
probably heard all the words from Yuh to Roh used, but 
not in order, and you may even think that Nye and 
Ted mean groups as shown here; but 
you yourself cannot count. 

Suppose your teacher, without fully under- Tc({ 

standing your lack of suitable experiences, 
proceeds to teach you and the rest of the class to 
count mechanically from Yuh to Roll. He starts by 
getting you and the rest of the class to repeat after 
him: — Yuh, Nye, Ted, Nay, Shorts, Kee, Lee, Man, Jah, 
Roh* You say the words again and again, and per- 
haps the teacher allows you to count on your fingers. 
After a time, you will be able to say them in the correct 
order. (The reader must try to do so, if he is to under- 
stand what follows.) 

The teacher now starts to ask you questions like these : 
‘What comes after NayT ‘What comes before JahT 
(Can you, the reader, answer these questions without 
looking at the series of names? Did you have to start 
chanting the numbers from the beginning? f ) 

Soon the teacher asks you to think of these number- 
names not only as having a position in a line from Yuh 
to Roh, but also as describing groups of objects. For 
example: ‘Pick out Jah beads from a box.’ (Can you do 
this?) Then: ‘Pick out Shons sticks’, and ‘If we put 
Shons sticks and Nye sticks together, how many have 

* The reader should make a serious attempt to learn these names. It may be 
easier when they are recognized as the syllables of u ni tid na iions and 
KI— LI -MAN— JA- RO. 

t Have you, as a teacher, noticed that many children have to ‘chant’ before 
they can answer your questions? 
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we?’ (Did you find the last question easy? Or did you, 
as a child does, find yourself having to translate the 
number-name into a number of things and laboriously 
count them out? Like this: 'Shorn . . . Yuh, Nye , Ted, 
Nay, shons; Nye . . . Yuh , nye. Now altogether . . . Yuh, 
Nye, Ted, Nay, Shons, Kee, lee. There are lee sticks 
altogether.’) 

The time comes when the teacher shows you the 
number-symbols. Here they are: 

ft □ P 1 ^ Z A 5 (D V 

(Do you find them rather confusing? It is no worse for 
you than for the child. You have seen most of these 
shapes before, just as the child may have seen 5, 8, 3, 
etc., without giving them a definite meaning.) 

The teacher then gets you to point to the symbols in 
order, and say their names. He may show you a chart 
like this: 

n *° 1 m L A 6 ft) V usi 

Yuh Nye Ted Nay Shons Kee Lee Man Jah Roh 

He may also make you draw the symbols, and put a 
number of dots under each, like this: 

r: f> 1. 0 L A 5 © v 


Later, you are given some of the symbols in a different 
order and asked to put in the co r rect number of dots ; for 
example: 
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Soon the teacher goes on to talk about simple 
addition and subtraction, with examples of this type: 

cjj -t- A ~ 

(This is what the early number combinations may look 
like to a child when he first meets them. Try to do these 
examples quickly without first changing the symbols into 
those which you normally use.) 

We will stop here 

Have you found these exercises somewhat confusing 
and unreal? Do you feel that too much ground has been 
covered far too quickly, without giving you a chance to 
get used to the new ideas, names and symbols? If so 
you arc beginning to find yourself in the same position 
as many children when their early number ideas are 
introduced too quickly and in a rigid and meaningless 
manner. 

The purpose of Chapter IV is to give methods of 
introducing children to these early number ideas in a 
more natural way. We must try to let the children’s 
knowledge and understanding of the number-names and 
-symbols grow out of their own personal experiences, 
so that they will develop a healthy mental attitude 
towards number. They will then have the necessary 
basis for success in their further work in arithmetic, and 
eventually in mathematics. 



CHAPTER IV 


THE CHILD’S FIRST IDEAS OF NUMBER 

A — The need to study children and how they learn 
It has been rightly said that teachers do not teach unless children 
learn. This is a short way of saying that the process of educating 
a child depends mainly upon the reactions of the child to all the 
people (including teachers) and things around him. It does not 
depend, except secondarily, upon the amount or weight of 
material which the teacher puts before him. In fact a great deal 
of what the child learns does not depend upon direct teaching at 
all. He learns to walk and talk, to eat the proper things, to be 
sociable and to live in his community, mainly through his own 
observations and experience and through his unconscious imita- 
tion of others. 

The emphasis in the education of children today is not upon 
the teacher teaching but upon the child learning. The desire to 
learn must come from the child. The teacher’s job is to present 
material in such a way that the children are able to learn for 
themselves. No one will deny, of course, that it is possible to 
teach children to perform certain actions like tame animals, or 
to say words and numbers like a parrot. But this is not teaching 
— it is training. Such children have not learned because they 
have not properly understood : they are unable to apply the 
things they can say or do to new situations. 

Looking back at the tasks given in the section before this 
chapter, we remember that, while we could learn new number- 
names and their symbols in parrot fashion (Yuh, Nye, Ted, Nay, 
etc.), we found great difficulty in using them to solve problems 
until we could give them meaning in concrete form (for example, 
that Nay meant 4 things). 

In the same way we can easily get children ‘to learn’ in parrot 
fashion the names of numbers, and even abstract facts, like 
2 + 3 = 5, but unless they understand the reality behind the 
abstraction they are unable to use the knowledge in any further 
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process. Until the child has previously had the experience of 
handling, and dealing with, numbers of concrete objects, classi- 
fying them and counting and grouping them, it is folly to ask 
him to deal with symbols like 2 + 3=5. Indeed, it may cause 
him to have difficulties in arithmetic for the rest of his life. 

It is becoming increasingly clear, then, to teachers and educa- 
tionists in general, that the effective teaching of any subject 
depends upon the teacher getting to know the child he is going 
to teach. It is only when the teacher understands how the child 
learns (or why he fails to learn) that he is able to select the best 
way of teaching (that is, the best way of presenting material so 
that the child can learn for himself). It is only when the teacher 
knows his children as individual personalities, with individual 
difficulties and individual capacities, that he is able to help them 
learn to the best advantage. 

B — The child's 'readiness' for learning 
The study, in recent years, of children’s development through- 
out the world has thrown some light, amongst other things, 
on: — 

(a) How children learn. 

( b ) What they are individually capable of learning. 

(c) What they learn without an> direct teaching. 

{d) What is the best time (or age) to begin learning new 
subject matter. 

In this and succeeding chapters we shall be concerned with all 
four of these aspects. Let us discuss here the question of readi- 
ness for new learning. 

Results of research seem to show that there arc times in every 
individual’s life when he is particularly ‘ready’ for new ex- 
periences. What do we mean by the term ‘ready’? Let us think 
of it in terms of grown-up persons: for instance, ourselves. 

We, as grown-ups, have all had the experience of trying to 
Larn something new and failing to do so. But, after an interval, 
when perhaps we have forgotten the subject at which we failed,' 
we come back to it and find very little difficulty with it. We 
appear to have matured in some way during the interval, so that 
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our minds can now cope with the work. In other words we are 
‘ready’ for learning it. 

For example, many young students, attempting to learn 
academic psychology, find great difficulty in understanding the 
ideas involved in such a study. They are too young, too intel- 
lectually immature. They have not had sufficient experience of 
observing human behaviour. They have not watched children 
closely enough nor with sufficient interest. They are not ‘ready’ 
for learning this subject. Five years later, the same students are 
often ‘ready’ for a course in psychology. The necessary basis of 
experience has been acquired, and they themselves are more 
mature people. They have observed more closely their own and 
other people’s behaviour, and have met children in various 
environments. Psychology has more meaning for them, and they 
read about it with much less difficulty. 

The same is true of children learning about numbers and how 
to perform arithmetical processes. They, too, need to be ‘ready’ 
for each piece of work at any particular stage. They do not 
learn a new process properly until they have had the necessary 
previous experience, and until they have developed the physical 
and mental powers needed to understand it. 

If, therefore, we teachers are to find out which are the best 
ways of teaching arithmetic, we have to study children much 
more closely, to watch how and what they learn, and how they 
‘pick up’ information abou\ numbers from all that is going on 
around them. We shall then be more likely to know when they 
arc ‘ready’ for new learning and what to introduce at any par- 
ticular stage. We should not, of course, make the mistake of 
thinking that all we have to do is to sit back and wait for children 
to be ‘ready’. We teachers can help, where necessary, to make 
them ‘ready’ by giving them the right kind of early number 
experiences in school— particularly when children come from 
homes with a somewhat limited background. 


C — The child's experiences before starting school 
Let us see how most children get their ideas of number 
before they start school, how they learn to give meaning to 
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number-names and symbols, how they gradually make them- 
selves ‘ready’ for formal arithmetic. 

(a) Hearing — A child’s first contact with number-names is 
through hearing the general conversation of the home. He hears 
numbers referred to by his parents, brothers, sisters, and other 
adults, and he picks up the words in exactly the same way as he 
learns his other speech, by imitation. They mean very little to 
him at this early stage. If he uses number-words at all (for ex- 
ample, in his play) it is largely imitative. He hears his father come 
home from the pasture and say ‘Two sheep have died’, or ‘It 
took twelve oxen to drag that dead hippo from the river’. His 
mother watches a hen sitting on eggs and says ‘Last year we 
only got eight chickens from ten eggs’. An older brother an- 
nounces ‘It will take me two days and a night to reach the town’. 
Gradually the child himself begins to use these number-words 
and many other words and phrases which contain arithmetical 
ideas, for example, ‘many’, ‘more’, ‘a lot’, ‘a few’, ‘big’, ‘little’, 
etc. And gradually, as the child gets experience, these words 
begin to have meaning, but the meaning is not very clear for a 
long time. 

( b ) Seeing— At the same time, the things the child notices 
through his sight also help to enlarge his understanding. Quite 
early in his life he notices that some objects, people or animals, 
which look alike to him, appear to come together in groups: for 
example, he notices people who look like his mother. Then he 
notices groups of animals, pots, pans, and, in the towns, cars 
and other vehicles. He notices that he has two legs, that a dog 
has four, etc. Gradually, he becomes able to see the differences 
between groups (remem|2£[ing that groups are collections of 
similar objects). H«^9^thg^^^.group is larger than another 
but he does not^i know by hc&^nrhich. As his mind develops, 
this power of /(prentiation spread^ to other qualities in intri- 
cate patterns. H^sfees groups oPbfe^ldck pigs, little white pigs, 
tall men who are old, tall men wfo^ajb young, etc. 

(c) Doing Tfle child s understtuDd'ijjg of numbers, in groups 
alsojgrows appiWfiy as he le^lLtfn his play, how to sort the 

ybjects^n He puts all the small stones 
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together, all the large stones, all the red beads, all the large 
beans, all the small white beans, and he is experiencing the 
properties of numbers by handling these things. But we cannot 
expect him yet to be able to tell us how many there are in a 
particular group. That ability comes later, as we shall find. 

This handling of materials of all kinds is of very great im- 
portance in helping children to develop a sense of number. 
There are some teachers and parents who say that young chil- 
dren are wasting their time by ‘playing’ with bricks, clay, beads, 
beans, etc. But this is not so : it is most important that children 
should have experience of handling and counting objects of all 
kinds.* 

id) Counting — Soon (how soon depends upon his environment) 
the child begins to count. That is, he begins to try to say the 
number-names in series, in the correct order. He is helped in this 
by learning number rhymes and by number games in his play, 
the rhythm helping him to get the right order. Here are two 
counting rhymes, in English. Teachers may make up similar 
rhymes in the children's own language: 

One, two; what shall I do? 

Three, four; sit on the floor; 

Five, six; pick up sticks; 

Seven, eight; we’ll all be late; 

Nine, ten; run to the den. 

One, two; three, four, five, 

Once 1 caught a fish alive ; 

Six, seven; eight, nine, ten, 

Then I put him back again. 

The child finds great help in using his fingers as he counts, 
though he may not yet fully realize what the words he is saying 

* In a school for ‘spastic’ children the teachers have found that many of the 
children, who are quick to learn and can soon read easily, are backward in 
arithmetic. (‘Spastic’ children suffer from a disease known as ‘cerebral palsy’ 
which makes it difficult for them to use various parts of their body like ordinary 
children.) It is suggested that possibly these children lack the number sense of the 
average child because, from their early childhood, they have never been able to 
handle , play with and count groups of everyday objects as the ordinary child does. 
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represent. The number five, for example, may mean to him the 
fifth finger, or the name of the number that comes after four in 
the series. It may be some time before his counting enables him 
to realize that each number-name stands for all the objects 
already counted, that is, that the number five also represents 
five objects. When he has played at counting and sorting all 
kinds of objects, this becomes clearer to him. 

D — The child's first arithmetic in school 

(1) Informal activities to give more experience of number language 
and ideas 

The ideas about number, which the child has formed so far, 
have come through the use of spoken words and by his own 
seeing and handling of objects and groups of objects. The next 
big step forward in his arithmetical learning, and understanding 
of ideas about number, comes through his introduction to the 
number-names * which represent the varying groups of objects 
he has been using. This is a step which rarely takes place until 
the child comes to school. Unfortunately, some teachers expect 
the child to take this step before he has successfully passed 
through the previous stages. There is no doubt that many 
children fail to progress in arithmetic because they have been 
introduced too soon (that is, before they are ‘ready’) to abstract 
ideas of number. 

Where this ‘readiness’ does not exist (that is, in the early 
years at school) teachers can do a great deal to give children the 
necessary experiences to get them ‘ready’. This involves en- 
couraging the children to take part ir all kinds of play activities. 
Much of the work is informal, but the teacher should keep a 
careful record of what happens with each child. 

Here are some suggestions for such activities: - 

(p Sorting trays- -Shells, seeds, stones, nuts, etc. arc sorted .for 
size and colour (Fig. 1). The teacher says: ‘Put all the black 
seeds in here, all the red ones in here’, ‘Put all the big shells in 
here, all the little ones in here’, etc. 

' Note — At this stage the children arc not using written symbols. 'I hesc are 
introduced later (see pages 30 37), 
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(ii) Collecting — Articles such as sticks, feathers and leaves are 
collected and tied in pairs, in threes, in fours, etc. 

(iii) 4 Playing house ' — The children play at making houses with 
any materials available. Tins, pieces of wood, shells, etc., can be 



FIGURE 1.— A number-tray. (For sorting small objects, e.g. shells, nuts, 
pebbles, etc., into groups according to size or colour, etc.) 

Suitable dimensions: 12* x 9 m x i*, but it is also useful to have one or two larger trays for group 

work 

used for bowls and plates. ‘Food’ can be ‘made’ from clay or 
fruit seeds. The children must make sure they have enough 
‘food’ and enough plates for the number of people in their 
‘family’. 

(iv) Arranging — The children are given a number of sticks and 
rods of varying lengths and are asked to arrange them according 
to their sizes. (There are no markings on these sticks to indicate 



FIGURE 2. — A peg-board. (For arranging pegs or sticks in order of 

length) 

length.) The children can either lay the sticks flat on the ground 
(or desk) or they can arrange them in order in a peg-board 
(Fig. 2). 

(v) ‘ Posting-box ' — The children are given pieces of wood or 
cardboard of varying shapes, which should be distinct and not 
too small. These have to be ‘posted’ in their propei holes in the 
box (Fig. 3), which may be of any convenient size. 
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(vi) Inset-tray— This is similar to the ‘posting-box’, but the 
shapes are to be fitted, lying flat, into their correct places 
(Fig. 4). 

(vii) The daily 'news' —The children are asked, individually, to 
stand up and tell the rest of the class of any ‘news’ which con- 



FIGURE 3.— A posting-bo\. (To help a child m recognizing shapes) 


□ 


tains reference to numbers. For example, a child may say: ‘Ten 
little pigs were born this morning'; another: ‘My father caught 
two hares last night’. 

(viH) Threading beads— The children are given some beads and 
are asked to thread them on pieces of wire or string. The teacher 
says: ‘Put three beads on each of your pieces of string. Now 
take them olT. Now put four beads on each piece of string', etc. 
(ix) ‘I spy' — This is a game in which one child says, for example: 



FIGURF 4. —An inset-tray. (Another aid to the recognition of shapes) 

Suitable si/e: 12" /, 8" 


T spy with my little eye something with four legs.’ The other 
children guess what the object is: it may be a chair, table, cow, 
dog, etc. (Note: the object chosen must be in view of the whole 
class.) The child who guesses correctly now has a turn and says, 
for example: T spy with my little eye a picture with five animals 
on it’, and the game continues. 

(x) Counting parts oj the body Fach child in turn points to 
different parts of his body and says, for example: k I have one 
nose, two eyes, two ears, two thumbs, eight fingers, ten toes’, 
etc. They then consider a particular animal’s body in the same 
way. 
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(xi) Number songs , rhymes, etc. — In the child's own language the 
teacher uses rhymes and songs which bring in numbers. (Two 
examples in English arc given on page 21.) 

(xii) Dance rhythms — The children dance to a given rhythm and 
call out the numbers as they dance. For example: — 

(Slowly) One, two — one, two — one, two. 

(Quickly) One, two, three — one, two, three — one, two, three. 
(More difficult) One, two; three, four, five — one, two; three 
four, five. 

The teacher may beat a drum (or play a note on any suitable 
local instrument) to help the rhythm, or the children can beat 
their own drums whilst they count. 

(xiii) Out-door games -Many of the games used in the physical 
education lesson help children to get a number sense. For 
example, any game where the class is divided into teams adds 
to the child’s arithmetical ideas of grouping and dividing. 
Examples of such games are: 'Fox and goose', ' Oranges and 
lemons', ‘ Chain tag' . 

In all these and many similar activities children gradually 
begin to use the vocabulary of arithmetic in real situations: for 
example, when they have raced across the playground they say : 
‘I was quickest’, ‘I came first’, ‘You were second’, ‘He was last’, 
etc. 

Sometimes the activities are spontaneous, sometimes sug- 
gested or required by the teacher, but always we should make 
use of every opportunity to g : vc children arithmetical experience. 
It is wise to remember here that children are preparing, by their 
own constructive play (often where there is no obvious con- 
nexion with number), the groundwork for a great deal of their 
later mathematical work. For example, the child who gets 
bamboo sticks and leaves, old boxes, tins, etc., and proceeds to 
‘build' a ‘house’, however unrecognizable, is experimenting with 
his own ideas of size, weight, shape and length. It is invaluable 
experience, and we should provide as much material as possible 
for this kind of make-believe play in the child’s early years at 
school. Such material may include: — 

(a) Pieces of wood of various shapes and sizes; scrap paper; old 
kitchen-utensils; tins of various sizes for measuring. 
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(b) Materials for ‘ playing at shops’: for example, seeds, wool, 
coconut shells, fruits, beans, stones; anything common, 
well-known and easily obtained by the children; home- 
made scales. 

(c) A log or strong plank for playing see-saw. Children gain 
many of their early ideas about balance and weight from 
this. 

(d) Swings; ropes from trees. 

(e) Stepping stones. (Children count as they step from stone to 
stone.) 

(/) Sand-pit. 

(g) Water and small vessels of different shapes and sizes. 

(h) Materials for ‘playing at house’. 

(j) Nature table: children bring collections of interesting objects 
and display them. 

(2) Further work on oral counting 

The children have now reached the stage when they are ready to 
proceed to a wider experience of counting. So far, they know 
something, from their play activities, of numbers up to four or 
five, but with regard to higher numbers, their ideas and language 
are not very accurate. Some of the work in counting continues 
to be informal, but there are other activities which we can 
organize for a special purpose. 

(a) Everyday happenings — The ordinary class routine, and day- 
to-day happenings, are made use of, by the teacher, to increase 
the children’s counting ability. Here are a few situations which 
lend themselves to counting: — 

(0 The number of children piesent in class. 

(/i) The number of children absent from class. 

( Hi ) The number of children who come to school by various 
routes. 

(iv) The number of children in various teams and play- 
groups. 

(v) The number of chalks (pencils, pens) in a box. 

('•’/') The number of small cups (or other containers) which 
can be filled from a large jug or bottle. 

(v/7) The number of handfuls of soil (or sand) which are 
needed to fill a tin. 
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(b) Counting activities organized by the teacher — Some of these 
activities take place in the class room, others in the playground. 

(/) Striding across the playground and counting the number of 
steps. Guessing, and then pacing out, the length of the class 
room, etc. Counting number of ‘feet’ ( heel to toe) in the width of 
the class room, etc. Jumping and hopping given distances. — Who 
takes the least number of jumps? 

(z7) Rhymes and counting games are popular. These should bring 
in objects which are familiar to the children such as stones, 
sticks, eggs, hens, pigs, etc. The teacher should make up rhymes 
in the children’s own language. Here are two simple examples 
in English: — 

Here are stones 
All in a ring. 

We will count 
While we sing. 

(A child walks round and picks up the stones one by one, 
putting them in the centre of the ring. The rest of the class sing 
the numbers as the stones are collected. Now another child puts 
them back in the form of a circle. The counting goes on.) 

We’ve got sticks 

To build a pen 

Let us count them up to ten : 

One two three four, 

Five, six, seven, 

Eight — nine — ten . 

(The children each collect a bundle of sticks which they put in 
front of them. When the rhyme has been sung, they all count out 
the sticks one by one.) 



FIG U RE 5. —Playing skittles. (For counting) 

(m) Playing skittles. The children take turns in knocking down 
as many skittles (or other suitable objects) as possible, by 
rolling or throwing a ball from a fixed line (Fig. 5). 
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All the children count the number knocked down by each child. 
The skittles may be of any handy size. (Sticks may be used, 
provided that they are pushed only lightly into the ground and 
are easily knocked down by the ball.) 

(iv) Quoits is a game in which the children have a large ring or 
hoop made of wood or thick rope. In turn they throw the ring 



FIG Li RI: 6. — The game of quoits. (For counting. It is better to have all 
objects the same: e.g. pebbles or match-boxes or small milk tins.) 

over a group of small objects placed a short distance away 
(Fig. 6). All the children count the number of objects which lie 
inside the ring when it comes to rest. 

(v) Marbles, also enjoyed by children, is a game similar to 
skittles. The marbles, made from clay, are placed in a circle and 
the children in turn throw a larger marble and try to knock as 
many marbles as possible out of the circle. 

(vj) The sorting tray (sec Fig. 1 , page 23) may now be used by 
the children in another way. They put given numbers of objects 
into its various sections. The teacher says, for example : ‘Put nine 
shelly in each little box. Make sure you have the right number.’ 
(v/7) A classroom picture, particularly if it shows a scene familiar 
to the children, can be used to help them to count. For example, 
the teacher asks: ‘How many cows can you see? Let us count 
them in the picture. Now how many trees?’ 

(c) Counting activities leading to recognition of groups -A stage 
is reached when children arc able to recognize small numbers of 
objects grouped together without counting them one by one. 
For example, they are able to recognize groups of twos and 
threes without counting. Here arc some activities which en- 
courage this ability: — 

(0 The children are given pattern-cards (Fig. 7) on which there 
are groups of dots. Each card is given a number-name and 
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children practise recognizing the number of dots on each card. 
In general a child cannot recognize a group of more than three 
or four objects unless they are arranged in a regular pattern. It 
is difficult for a grown-up to say straight away how many 
strokes there are here ////////////. If, however, they are 
grouped into fives like this -fill Hit // it is obvious that there 
are twelve. The arrangement of dots in Fig. 7 is recommended, 
since it makes use of the child’s ability to recognize such simple 
patterns as lines, squares and triangles. 
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I lowevcr, it is important for later work in arithmetic that 
children should not rely always upon dots to enable them to 
recognize number groups. The next two activities help children 
to recognize other groupings. 

(//) The children are given ‘ bead-bars' (Fig. 8) and thus get 
practice in recognizing the smaller numbers. For example, the 



: IGURE 8.— Bead-bars. (For recognizing groups. The ‘beads' may be nuts 
or any suitable objects, threaded on thin wire, cane, stiff reed, etc.) 
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teacher says: ‘Holds up your four bead-bar. Now your six 
bead-bar’, etc. 

(///) The children are given vari d lengths of cardboard strips 
which are marked as in Fig. 9. They count the spaces and give 



FIGURE 9.— Marked strips. (Another help in recognizing number groupings) 

Suitable size: 1' strips, marked ofF in inch lengths 

each strip a number-name. Next they arrange them in order of 
size from one to ten. The teacher says: ‘Hold up the four strip. 
Put it back. Now hold up the six strip’, etc. 

E — Introducing the number-symbols 
Up to this stage the children have not used number-s^m/w/s in 
any of their activities, though they have used number-names. 
Many of the children have, of course, seen number-symbols in 
school and in their everyday activities, though very few are able 
to draw them or to give them much meaning. 

The stage is now reached when the teacher can introduce the 
use of the figures which stand for the numbers (of objects) with 
which the children have been dealing in their early activities. 

Remembering the difficulty which we ourselves experienced 
in recognizing the symbols in the section before this chapter, it 
is clear that we must approach the work for children in easy and 
understandable stages. It is suggested that the work should 
include the following: — 

(a) Teaching the child to recognize the number-symbols in 
connexion with their names. 

( b ) Teaching the child to recognize the symbols in connexion 
with their values. 
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(c) Teaching the child how to write (or ‘draw’) the symbols 
and at the same time to know their names and their values. 

It should be realized that the learning of number-symbols and 
their meaning is a big step for young children. Moreover, real 
understanding is necessary for a child’s future success in arith- 
metic. Many difficulties found in later stages have been traced 
back to lack of understanding at this early stage. It is worth 
while to spend time on this work, until the child realizes not 
only the value of particular numbers but also has some idea of 
their relationship to each other. This comes to him best if he is 
given the opportunity to use a variety of apparatus and take 
part in number games and activities where he is using printed 
and written symbols. A few such activities are suggested in the 
following paragraphs. 

(a) Introducing the symbols with their names — This should be 
done gradually, so as not to confuse the children. For example, 
it is wise not to introduce more than three or four of the symbols 
(figures) at a time. 

(/) Rhymes help the children to get to know the figures. The 
teacher draws a figure 2 on the blackboard (or holds up a cut- 
out figure). The children are taught to say: — 

‘This is a 2 

For me and for you.’ 

(The teacher should invent rhymes in the children’s own lan- 
guage, of course.) Here are two more in English: — 

‘This is a 3 

For Jill, Jack and me.’ 

‘This is a 4. 

Stick it on the door.’ 

(/'/') The figures are cut out from sand-paper (that is paper with a 
rough surface) and stuck on card. The children look at the 
figures and get to know their shapes by going over the rough 
surface with their hands. Whilst doing so, they say what each 
figure is. Next they repeat this with their eyes closed, and then 
try to recognize figures by their sense of touch. 
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The figures may also be made from clay or other material so 
that they stand up above the surface of the card. 

(/77) Inset-trays, with number shapes instead of squares and 
rectangles (see Fig. 4), can be used to make the number-figures 
more familiar. The teacher says: ‘Pick up the figure 2. Put it in 
its proper place in the tray. Now pick up the 3’, etc. 

(b) Giving meaning to the symbols — These activities are intended 
to help children link the symbols with numbers of things. 

(/) Matching-trays. Number-trays (Fig. 1, page 23) may be used 
in various ways for matching: — 

(i) The teacher puts number-cards into one row of sections of 
the tray. The child has to put the correct number of objects 
(beads, seeds, etc.) into the next row of sections of the tray 
(Fig. 10). 

(ii) The teacher puts picture-cards (numbers of fish, goats. 
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eggs, sheep, etc.) into one row of sections and the children 
put in the correct symbols (Fig. 11). 

(iii) The child has to match number-cards with pattern-cards 
(Fig. 12). 

As the children become more proficient the teacher can re- 
arrange the cards so that they are not in numerical order. 

(//) The children thread beads on a string (or on thin wire) as in 
previous activities, but this time they also attach the correct 
number-card (Fig. 13). 


I6J 

FIGURE 13. — Bead-bars (or strings of beads) with number-cards 

(Hi) The children collect various things (feathers, sticks, leaves, 
etc.) into bundles, and tie the correct number-card to each 
bundle. 

(iv) The children play skittles (Fig. 5) as before, but now they 
also select the number-card corresponding to the number of 
skittles knocked down. (The number-cards should be in full 
view of all the children so that they can see whether the correct 
card has been chosen.) 

(v) The children make flags with sticks and paper. Then they 
build a ‘castle’ of earth or sand and stick the flags on it. They 
then count the number of flags and put a number-card in front 
of the ‘castle’ to show how many flags it has (Fig. 14). 




FIGURE 14. -Flags on ‘castles’, and number-cards 

(vi) The children are given number-cards from ‘0’ to ‘10’. The 
teacher claps his hands a number of times. The children listen 
carefully and then hold up the correct number-card. (To give 
practice with the nought-symbol, ‘O’, the teacher prepares to 
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clap his hands but does not bring them together to make a 
sound.) 

(vii) The figures are made from wood or cardboard, and in each 
figure are cut a number of holes corresponding to the value of 
the figure: a ‘2’ has two holes, a ‘3’ has three holes, etc. (Fig. 1 5). 



FIGURE 15.— -The number-symbols as ‘cut-outs' (with holes for pegs) 

Minimum size: 2 ± m . Match-sticks may be used as pegs 

The child has the cut-out figures before him and a box of small 
sticks or pegs. He looks at a figure, decides its value, then takes 
the correct number of pegs from the box and inserts them into 
the holes in the figure. 



FIGURE 16. The ‘10’ number-slide (unmarked strips, of exact lengths, 

are used) 

This apparatus is described on page 469 

(yiii) The children work in pairs. They are given a number-slide , 
ten inches long (Fig. 16), and several strips of cardboard, each 
an exact number of inches. These strips have no marks on them. 
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One child picks up a strip, looks at it, and guesses its ‘number’. 
The other child then takes the strip and tests whether the guess 
is correct by placing it on the number-slide. 

(ix) A wall ‘ number-board ’ (or 1 matching-board’) is made from 
wood or thick cardboard, as in Fig. 17. Three narrow strips of 
wood are nailed across the board to make ledges on which cards 
can be placed. One method of using this apparatus is for the 
teacher to place number-pattern cards along the top row. The 
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FIGURE 17. — A wall matching- or number-board: ( a ) End view, 
(b) Front view 
Suitable si/c: 4' x 2' 3' 


children, in turn, then come out and place the correct number- 
symbol cards underneath them. (At the proper time, the written 
number-words are also introduced.) Hooks are fastened along 
the bottom so that children can hang groups of small objects 
corresponding to the number-cards. 


(c) Writing the number-symbols — Some children learn to draw 
the figures well without very much help. But the majority need 
considerable guidance from the teacher in the early stages. The 
teacher should bear in mind that: 

(1) Children find it much more difficult than grown-ups to draw 
small figures. In the early stages they should be allowed to make 
their figures big. The emphasis should be on the shape of the 
figure rather than on its size. The children are helped by having 
large crayons, pencils or chalks, and a large surface, such as a 
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blackboard, on which to write. (It is sometimes better to let the 
child draw with the blackboard flat on the ground.) 

(2) The children need guidance about where it is best to begin 
the figure and where best to finish it. For example, the figure ‘5’ 
should start with a down stroke and should be completed with 
the stroke from left to right at the top. The figure ‘3’ should 
start at the top with a horizontal stroke. Some children have 
difficulty in writing figures because they have acquired bad habits. 

(3) Children should be given help so that they do not confuse 
figures which are in some ways alike, for example, ‘6’ and ‘9’, 
‘5’ and ‘3’. 

Here are some suggestions for helping children to draw 
figures properly: — 

( i ) Stencils are made from thin cardboard, the shapes of the 
figures being cut out. The amount of cardboard cut away should 
leave room only for a pencil or thin crayon to be inserted 


2 



FIGURE 18.— Stencils for the number-symbols 

Suitable size: one-inch figures on two-inch cards 


(Fig. 18). It will be noticed that the figures ‘O’, ‘8’, ‘9’ require 
complete circles to be cut out. The children are told to draw 
round the edge of the circles in the stencils. 

(if) Sand (or other suitable material) can be used as a surface on 
which children can draw the figures with their fingers. This 
activity is popular and very effective, since the children can 
quickly smooth the surface and continue practising. 

(hi) A whole class may practise forming figures in the activity 
known as *sky writing'. In this the children extend one arm and 
‘draw’ the figure in the air. 

(iv) Pieces of tracing paper are placed on top of printed number- 
cards and the children trace over them with a pencil. Then they 
take off the paper and compare what they have drawn with the 
printed figure. 

(v) When children have reached the stage of drawing figures 
without help from the teacher, they should be given paper 
marked off in squares. The squares should be large to begin with 
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(for example, one inch) and later should be reduced in size 
(Fig. 19). 

This chapter has described some of the ways in which chil- 
dren’s number experience can be enlarged so that they are ‘ready’ 
for more formal arithmetic. The examples given should be 



FIGURE 19— Squared paper for children’s drawing of number-symbols 

adapted to the conditions and situations of the teacher’s own 
class: that is, they must not only be understandable but ‘real’ 
and ‘alive’ for the children concerned. It cannot be too strongly 
emphasized that this kind of number experience is essential if 
children are to go on easily to learn about addition, subtraction, 
multiplication and division. Methods of introducing these pro- 
cesses are discussed in the next four chapters. 












CHAPTER V 


INTRODUCING CHILDREN TO ADDITION 

A — The idea of addition 

The idea of addition begins to come to a child through the 
number situations which he meets in everyday life and through 
the early number-activities at school (e.g. those described in 
Chapter IV). 

For example, a child ‘sees’ that two or more small groups of 
beans or marbles can be combined to make one larger group. 
He also ‘sees’ that two short sticks may be joined to make a 
longer stick. These two examples illustrate two aspects of 
addition^ with which we must be concerned. 

In the early stages a child adds two small groups of objects 
by dealing with the separate objects in each group ; he puts them 
together and then counts the number of objects in the whole 
group. For example, he adds three and two by putting together 
three objects and two objects and then counting the whole 
group. 

The child needs much experience of this nature, but we must 
not delay experiences which lead to the idea of adding two 
groups without counting the separate items in each group. For 
example, the child adds three and two by putting together a 
three-strip and a two-strip in the number-slide (Fig. 16, page 34) 
and ‘seeing’, without counting, that they arc equal to a five- 
strip. 

Our aim is to enable the children eventually to add quickly and 
accurately. This means that there comes a stage when they need 
to be able to add without counting. 

B — The language of addition 

(1) Words and phrases which mean 4 add ’ 

Children should meet all the words which mean ‘add’ while 
dealing with situations which they know. For example, we 
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should introduce little problems in discussion and invite the 
children to make up their own little ‘sums’, such as: — 

(1) There are three fruits in this basket and four in that. How 
many will there be if we put them all into one basket? Let us 
do it. Now let us count them all. 

(«) You have two oranges, your brother has one. How many 
oranges are there altogether? 

(«7) Let us put the five-strip and the two-strip together. We have 
made a longer one now. How long is it? 

(iv) You caught five fish and your friend three. How many fish 
were caught in all? 

(v) This hen laid four eggs last week and five this week. How 
many eggs is that equal to? 

(v/) What do two and three make? 

Although this work is oral at first, the teacher should put the 
figures on the blackboard to represent the number of things 
being discussed. 

(2) The addition sign 

When the words and phrases which indicate that adding must 
take place are understood, the sign, *+’, is introduced. The 
teacher should describe the card showing *+’ as ‘the adding 

000 


000 

FIGURE 20.— Addition, using objects and number-cards 

Suitable si/e for number-cards (as in I'ig. 10): 1 " x 2* 



sign’. It is also known as ‘the plus sign’. The work is still oral 
and practical, but the children can represent the addition 
activities by using number-cards. For example, the children can 
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put two little piles of shells on the desk or floor, placing the 
number-cards underneath (Fig. 20(a)). The shells are then put 
together in one pile at the right-hand side of the original piles; 
the children count ‘one, two, three, four, five, six, seven’, and 
place the correct number-card against them (Fig. 20(6)). 

Pictures of familiar objects may also be used. The children put 
the pictures together and (Fig. 21) count the total number of 
fish. 



FIGURE 21. —Addition, using pictures and number-cards 


(3) The ‘ equals' sign 

The ‘equals’ sign is best introduced during activities with shells, 
picture-cards, etc., as described for the *+’ sign. Its use enables 
the activity to be represented fully by number-cards. In the 
above examples the finished activities are shown as: 

0 El CD El El “ nd El ED CD El CD 

The teacher should describe the card showing *=’ as ‘the 
equals sign’, but should also use other phrases such as ‘make- 
up’, ‘are altogether’, etc. 

( 4) Recording the addition 

When the children have had enough practice in the use of 
number-cards for showing the result of their addition activities, 
they should begin to record the activities on paper. 

In the early stages the groups of objects are drawn and the 
symbols from the cards are copied underneath them. Later the 
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symbols only are written down. To start with, the setting down 
should follow the pattern of the cards, that is, 

4 + 3 — 7. Later, however, the method of setting 
down the figures under each other should be intro- 
duced. For example, instead of 4 + 3=7, the 
addition is written as shown here. * 

The children should be given practice in writing 
these ‘sums’ in both ways. 


C — Giving further experience of addition 
( I) Totals up to ten 

When the children understand the idea of addition and know 
how to record their results, we can start to give them experiences 
of a wider range of examples of addition. It is wise to work to a 
plan and, as a start, it is suggested that the examples should be 
such that the total is not more than ten. List I on page 42 
gives all the examples of this kind. 

Note — The children, at this stage, get experience of the ‘facts’ : 
they do not yet make any conscious effort to memorize them. 
In List I all the facts are given to help the teacher to ensure 
that all are dealt with bv the children. 


* Ao/e—In examples of this kind many teachers and mathematicians 
prefer to put the sign in front of the lower figure, as shown here. ^ 
They say that this follows more naturally from the equation, + 3 
4 3 7. They say that ‘2 -f ’ has no meaning, while 4 -f T has 7 

and later leads a child to appreciate what is meant by 4 — 2’. There 
is no right or wrong in this matter : it is simply a question of convenience. 
Teachers in any school should stick to the same system , whichever is 
adopted, and it is an advantage when all schools in a district use the same 
system. 

In this book the sign is put on the right of the top figure as it is regarded 
merely as an instruction to the child to perform a certain opera- 
tion: that is, it is regarded as an abbreviation for ‘add these num- 4 
bers’. Thus it can be used when more than two numbers are to be ^ 
added. Moreover, a child is more likely to see the instruction at - 
once when it is put on the top line, and there is no risk of the sign 
becoming mixed up with the tens or hundreds columns. The advantage of 
this is more obvious when wc have to deal with examples of the addition 
of money and weights and measures. 



LIST I 

THE SIMPLE ADDITION ‘FACTS’ (TOTALS NOT GREATER THAN 10 ) 
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We should try to give the children experiences which cover 
all the examples in the List. For at this stage the children should 
be getting a real understanding of these various addition ex- 
amples, so that later, when they have to begin to memorize the 
results, they will be helped by being able to think back to this 
early work. 

It will be noticed that the list of examples has been arranged in 
two groups. This is because many of the examples occur in 
pairs, as in the example here. The answer is the same in both 
cases. We should give the children plenty of 
experiences which help them to see this, for 3 + \ + 

they will often use the idea in their later work. “5 “5 

We should demonstrate the principle: for ex- 
ample, when adding the two fish and the three fish we can 
change the pictures round so that the example becomes three 
fish plus two fish. 

(2) Addition activities 

The teacher should use activities which are best suited to 
the conditions in his school. A few suggestions are given 
below. 

(/') Two strings of beads are given to a 
child and he is told to put all the beads 
on to one string. He then sets out the 
number-cards (Fig. 22). Next, he draws 3+4 = 7 or 
what he has done in his book and then 
writes down the ‘sum’ in either of the 
ways shown here. 

(//) Skittles (or ‘ Ninepins ' ) may be played to practise simple 
addition. For example, a child takes two balls; he throws one 



@0 0 0 0 

FIGURE 22. — Addition, using strings of beads and number-cards 

ball and knocks down three skittles. So he takes the ‘3’-card. 
With the second ball he knocks down two skittles, so he takes 
the ‘2’-card. He copies these two numbers into his book and 
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adds them in either of the ways shown. The sticks are then 
replaced and another child has a turn. 

(It is important that there should be a — 

number of nought-cards (‘0’), so that _ 

children who fail to knock down sticks \ or 3 + 2-5 

with one ball may record properly, for 

instance, 3 -j 0 = 3.) ' 



(i/7) Numbered strips of cardboard are most 
helpful in giving children experiences of 
adding in groups instead of by counting. 



Ut 
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FIGURE 23.— Skittles: using number-cards for addition 


(i) The number-slide. The children work singly or in pairs. 
They take two strips of card, numbered according to size, and 



FIGURE 24.— The ‘10’ number-slide, 
with numbered strips, for addition 
The apparatus is described on page 469 


slide them into the groove. 
They can then ‘read off’ the 
total size of the two strips 
(Fig. 24). The ‘sum’ is then 
written into their books as 
shown here. 

5 + 

3 and 5 + 3 8 

T 

(n) The ‘ number-story ’ ap- 
paratus. This piece of appara- 
tus is used to enable children 
to find out for themselves 
how any particular number 
may be made up from two 
other numbers. In this way 
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children are helped to get a clear idea of addition and sub- 
traction at the same time. 

A number of strips of thick card, preferably in a box, are 
given to the child. He is then asked to ‘tell a number-story’. 
Fig. 25 shows the material for ‘telling the story of the number 
live’. The strips are plain on one 
side and are numbered on the other. 

The child first uses the strips with 
the plain side upper-most. As he 
puts the strips together into the 
box the child says what he is doing 
(that is, tells the story): 


‘Five and no more make five; 

Four and one make five; 

Three and two make five; 

Two and three make five; 

One and four make five.' 

Then the child takes the pieces apart, 
each strip in turn and says: 

‘If I take the one from the five it leaves the four. 

If I take the two from the five it leaves the three, 

If I take the three from the five it leaves the two,’ etc. 

# 

Each number (up to ten) is dealt with in the same way. 

In the next step the child 
turns the strips over, to show 5 ! () ^ 5 

the back, which is numbered. j T i “ ? d o 
The child now writes down 4 3 •-= 5 etc. 5 
the story of five. 

(iv) Number-tops (Fig. 26) may be used by individual children 
pairs or groups. A child spins the top. When it comes to rest. 




FIGURE 25. ~ A ‘number- 
story’ apparatus —for ‘the 
story of five’, showing the 
strips with numbered side 
uppermost. (Similar boxes 
arc used for all the num- 
bers up to ten) 

T f.e strips arc one inch in width 




FIGURE 26. --‘Number-tops’. (For prac'ice in addition) 

The construction of these tops is descriDeJ on page 471 
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the number on the edge touching the ground is noted and the 
child selects a card showing the same number. He then has a 
second spin and takes a second number-card. He records the 
two numbers and adds them together. This game is also useful 
for introducing children to the idea of adding more than two 
numbers (see page 49). 

(v) The fishing-game can be played by two or more children. 
The children take turns to ‘catch’ the fish (Fig. 27). Each time 
they land a fish they write down the number written on it, and 
when they have caught two (or more) they find their total catch 
by adding the two (or more) numbers together. Details of the 
construction of the apparatus are given on page 471. 



FIGURE 27.— The ‘fishing-game'. (Where magnets arc unobtainable, a child 
hooks the ‘fish' on to the lines) 

(v/) Class activities. Most of the work so far described is indi- 
vidual or concerned with small groups of children. This means 
that the teacher must continually move around the class, super- 
vising the activities and giving help and encouragement. 

There is also a place, at this stage, for the whole class to take 
part in oral work on addition. Here are some examples of the 
kind of oral work the teacher can do. 

(i) Addition rhymes. It helps to strengthen children’s memory 
of numbers being added together if they learn a few addition 
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rhymes. The teacher should invent rhymes in the children’s 
language (mother tongue). Here are two in English: — 

Three little cowries and one more: 

Put them together — that makes four. 

Six long tobacco leaves hanging on a line; 

Bring another three — that makes nine. 

( 11 ) Hand-clapping. The teacher says: ‘Listen, I am going to 
clap my hands several times to the right, then several times to 
the left. Listen carefully. I want you to tell me how many times 
altogether I clap my hands.’ 

(hi) Everyday examples. The teacher should make use of any 
opportunity which may occur during the day for drawing the 
children’s attention to real addition examples. For instance, 
there may be three girls in the class dressed in red and four boys 
in red shirts. The teacher should bring these children together 
and make the occurrence into an example of addition, saying to 
the class: ‘How many children are dressed in red?’ Such oppor- 
tunities occur frequently in dealing with team or individual 
marks : for example, ‘This team got five team points this morning 
and two this afternoon. How many for the day?’ 

(v/7) Other activities may be devised from the various examples 
of games given in Chapters IV and XV. 

(5) The use of apparatus to work addition exercises 
Up to this stage the children’s examples of addition consist of 
writing down their own adding activities. We should now 
reverse the process by putting examples on the blackboard. 
The children now have to work out the addition by using the 
kind of apparatus they have used before 
(numbcr-slide,counters, beads, etc.). This stage etc ' 

enables us to make sure that all the examples 
given in List I are practised by the children. 

We cannot be certain that at previous stages all the examples 
have arisen in the children’s own activities. It is therefore most 
important that List I should be used for this purpose. 

We do not, of course, give the examples exactly in the order 
that they are given in the list. 

(4) Adding numbers up to 9 + 9 

Vffien the children have had sufficient experience with the 
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addition examples given in List I they should extend their work 
to cover the addition of the remaining pairs of numbers up to 
9 + 9. These are given in List II. 

The children gain experience of these examples through 

LIST II 

FURTHER SIMPLE ADDITION ‘FACTS’ 

(TOTALS FROM 11 TO 18) 





2 + 




9 + 
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9 r 


7 
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4 
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12 
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12 
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5 

5 

5 

5 
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12 

13 

14 

11 

12 

13 
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6 + 
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6 

12 
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15 
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8 • 
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8 

9 



7 

7 


14 

15 

16 



15 

16 



8 - 

8 - 




9 * 



8 

9 




8 



16 

17 




17 


9 * 

_9 
18 

Note These further facts are also listed in full to help the teacher make sure 
that the children deal with them all. The children arc still gaining experience and 
do not yet begin to memorize deliberately. 

activities similar to those already described for the earlier work. 
(The ten number-slide is, of course, replaced by a ‘twenty’ 
number-slide.) 

Again we must take care to cover all the examples. 
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(5) Adding three numbers together 

At this stage, too, the children should be given practice in 
adding three numbers together, provided that the total of the 
‘sum’ is not more than twenty. 

But we must remember that a few children find difficulty in 
adding more than two numbers at once, because they have to 
learn to add a figure which they cannot see — as in the example 
6 + 34-2. They say: ‘Six and three make nine. Nine and two 
make eleven.’ The ‘nine’ has to be remembered while they are 
adding, since it is not written down. 

There are several activities which give opportunity for re- 
cording the addition of three figures. For example, adding three 
bead-bars; adding three number-strips when using the ‘20’ 
number-slide (page 469); adding the score when three balls are 
thrown at skittles; adding the score when three number-tops 
come to rest. 

(6) Using ‘ 70’ as a land-mark 

It is suggested that, at this early stage, the teacher should not 
go into the question of ‘place-value’.* The number ten (10) 
should be regarded, for the present, as a symbol in its own right, 
and so should the other numbers up to nineteen. It is probable, 
however, that the children themselves will begin to see that the 
number ten is a kind of land-mark in their arithmetic. They 
begin to realize that when wr;'.ing figures above ten they are 
really ‘starting again' : - 

1 1 is 10 and 1 more; 

12 is 10 and 2 more; 

13 is 10 and 3 more; etc. 

Games, such as ‘the changing-game’ (see the next paragraph), 
and suitable practice-cards (sec page 58), can help to give these 
ideas a more definite form. Such experiences prove invaluable 
when it becomes necessary to explain to children the idea of 
‘place-value’. 

The 'changing' -game. Here the children play in pairs. Each 

* For example, in the number 22 the right-hand figure 2 denotes two units 
the left-hand figure 2 denotes two tens. Thus the ‘place’ or position of a figure 
determines its ‘value’ (sec page 147). 
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player has a pile of number-strips of varying sizes from 1 to 
10. The first player picks up two strips (for example, the ‘8’ and 
the ‘7’) and says to his partner: ‘Please change these for me.’ 
The partner must give him a ten-strip and a five-strip, and must 
say: ‘Yes, here are fifteen.’ If he is right he scores a point. 
Where there is any doubt the two children refer to the ‘20’ 
number-slide. 

D — Learning the ‘ primary addition facts' 

(/) What is an arithmetical fact ’ ? 

In order that a child may make good progress in arithmetic it is 
necessary for him to be able to deal with the easy examples of 
addition without having to work them out by counting and 
using practical materials. This is also found to be true in 
subtraction, multiplication and division. He must know (i.e. 
understand and remember) the basic arithmetic ‘facts’. 

An arithmetical ‘fact’ may be defined as the complete state- 
ment showing the result when two numbers arc associated in a 
particular way. For example, the numbers 6 and 3 may be 
considered as being associated in the following four ways: — 

6 + 3=9 
6-3=3 
6 x 3 = 18 
6 4-3= 2 

Each of these four statements is an arithmetical ‘fact’. 

(2) The primary addition facts' 

At this stage in their work the children have had experience of 
dealing with a considerable number of addition ‘facts’: simple 
ones, like 1 + 3 = 4; more difficult ones, like 13 -I 5 18; 

and some with a nought, like 5—0 = 5. 

It is convenient to divide these facts into two groups. First, 
there are the primary ‘facts’; that is ‘facts’ which arise from the 
addition of two numbers each less than ten. For example, 
7 + 6 = 13 and 5+4=9 are primary facts. 

Secondly, there arc ‘facts’ like 17 +6 -= 23, and 27 + 6 = 33. 
We are not concerned with these at this stage, but later we shall 
find that a knowledge of the primary ‘facts’ is necessary in 
order to deal with them quickly. 



THE HUNDRED PRIMARY ADDITION FACTS 
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Let us look at the primary addition ‘facts’. (They are shown in 
Lists I and II.) Altogether there are a hundred of them. We 
see that many of them occur in related pairs: for example, 
1+2 = 3 and 2 -I- 1 = 3. For convenience, let us call these 
‘twin facts’. (Some ‘facts’, such as 3+3=6, have no 
‘twins’.) 

The grown-up, of course, accepts these ‘twin facts’ without 
question. To him ‘2 + 7’ and ‘7 + 2’ are the same thing. But 
it should not be taken for granted that the same understanding 
comes naturally to children, so the earlier teaching and activities 
in addition should be directed towards making this idea clear 
(see pages 38-47). 

Once the children understand the idea, the learning of the 
facts is easier for them. When they learn, for example, 
5+3=8, they realize at the same time that 3 + 5=8 and, 
by constant use, gradually begin to apply the principle without 
thinking about it. 

Thus we help the children to learn the primary addition facts 
more quickly and with less trouble. The hundred facts in Lists 1 
and II are combined in List III, page 51. 

(3) Arranging the facts in sets 

Listing the hundred primary facts in this manner is helpful when 
we begin to consider in what order the children should learn 
them. (So far children have been gaining experience of the facts; 
now they have to learn them.) If we accept the idea, as we 
should, that a fact and its twin are memorized at the same time, 
then the fifty-five facts on the lelt of List III cover all the child’s 
needs. (That is, he is then in a position to know all the hundred 
facts in the List.) 

We cannot expect the children to learn all these facts at the 
same time. We have to arrange them into suitable sets, each con- 
taining about ten facts. The children should deal with all the 
facts in one set before going on to the next. We should provide 
throughout for regular revision of the facts already dealt with. 

It is not advisable to work through List III as it stands, starting 
with 1 + 1 = 2, 1 + 2 = 3, etc., and finishing with 8 + 9 — 17, 
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9+9 = 18, because this puts all the easy facts first. Thus the 
early facts tend to be revised and practised most, whilst the 
more difficult facts come last and are practised least. 

A better plan is to arrange the sets in such a way that each 
includes easy facts, difficult facts, twin facts, non-twin facts, and 
‘nought’ facts. This can be done in many ways according to the 
teacher’s own ideas. A specimen arrangement of the facts in sets 
is given in List A. 

In this plan (List A) there are nine sets with eleven facts in 
each, making a total of ninety-nine facts. (The fact 0 + 0 = 0 has 
not been included. This fact can be dealt with as the need arises.) 

Further different sets may be obtained from this List if the 
facts are looked at in columns instead of rows. These sets, how- 
ever, tend to be random, rather than selected, arrangements, 
and ‘twin’ facts do not occur in the same set. 

(4) Activities to help the children in memorizing the addition facts 
In the early stages it is most important that the work should be 
as individual as possible, and that we should keep a careful 
record of each child’s work, noting where he has failed. 

(a) Addition practice-cards — These are cards of addition ex- 
amples (see Figs. 29 to 33) through which the children work. 

In making up these cards it is suggested that the teacher may 
well use the sets of facts in Li c t A, page 54.* This ensures that 
all the facts are adequately covered. Each card should be marked 
with a reference letter and number. 

To start with, each child in the class is given a different card 
to work through. He works through every card in a series, and 
eventually through all the series, thus getting plenty of practice 
in dealing with all the facts. 

The teacher marks each card as it is finished and the child 
corrects his mistakes. A record is kept of each child’s progress 
and of his special difficulties. 

A record book with one page devoted to each child is perhaps 
the best way to do this. A specimen page of such a book is given 

* By using vertical columns as well as horizontal rows, the teacher may prepare 
twenty different cards from List A. 
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LIST A 

THE PRIMARY ADDITION FACTS * ARRANGED IN NINE 
SELECTED SETS f 

(for practice-cards, flash-cards and other activities) 



• Note —The ‘result’ or ‘answer’ of each addition, normally a part of the full 
statement of the fact , is omitted in this List, as the teacher docs not need it when 
using the sets for oral testing, the making-up of practice-cards, etc. 


t Note — As described on page 52, the teacher may arrange similar sets. He 
may also use the eleven vertical columns of the above List, though these will tend 
to be ‘random* rather than ‘selected* sets of facts and they do not contain twin 
facts*. 

in Fig. 28. Each child should be shown his record from time to 
time to encourage interest in the work being done. 




























NAME: John Kamono 



FIGURE 28. - A specimen page from a teacher’s record book 
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The work with the cards should be carefully graded so that a 
child can progress steadily from the stage when he needs to use 
apparatus to that where he can add quickly without any aids. 
Here is a suggested order of working: — 

(0 The first series of practice-cards should be of the pictorial 
type, as in Fig. 29. This forms a useful link with the earlier 



F T GL RE 29. - A practicc-card pictorial, for addition. The child puts a 
number-card on top of the pictu.c of each group of objects 

Suitable size: 4$' x 3* 

work and helps the children to get used to the cards. As a child 
works through an example he places a number-card over each 
number-pattern or group of objects. He then selects his ‘answer’ 
number-card and puts that in its place. In this way he makes up 
an addition fact. He writes down this fact in his book. Each 
child works through all the cards (twenty, say) in this manner. 
07) The next series of practice-cards does not have pictures, only 
figures being used (Fig. 30). The children write down each 
example in their books and work it out with the help of 
apparatus. 




INTRODUCING CHILDREN TO ADDITION 57 

(hi) This second series of cards is worked through again, but 
this time, after writing the examples in their books, the children 
write down the answer without the use of apparatus. (Less able 
children are allowed to count, if they wish, but they should be 
encouraged to stop using ‘aids’ as soon as possible.) It has been 
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FIGURE 30.— A practice -card, for 
addition. (Children use apparatus it 
necessary, and write down each example 
in their notebooks) 
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FIGURl: 31.— Another practice-card, 
tor addition. (Children write the ‘answers' 
only, on the slip of paper, on the back 
of which they put their names) 


found useful on occasions to let children mark their own work 
by checking their answers with the number-slide. 

(iv) The same series of cards is again worked through, but this 
time the children write down the answer only, without setting 
out the sum. A convenient way of doing this is to attach to the 
right-hand side of the card a slip of paper (Fig. 31), on which 
the child writes his answers, after putting his name on the back 
for the purpose of the teacher's marking. 

(v) Some teachers find other types of practice-card helpful in 
giving further understanding and in ‘fixing’ knowledge of the 
facts. Here are two suggestions: — 
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(i) Number-story practice cards (Fig. 32). These give practice 
in seeing how any number can be made up. 

(n) Changing-game cards (Fig. 33). These should be given to 
the children for practice after they have played the ‘changing 


The Story of Ten 
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FIGURE 32.— A practice-card, for addition, of a type for ‘telling the story 

of a number* 

(Cards for 'the story’ of other numbers are similar) 

game’ (page 49). The cards help the children with their first 
ideas of place-value. 

(h) Self-corrective flash-cards — These are cards made up as in 
Fig. 34. (For details see page 472.) Each card has, on the front, 
two numbers to be added, and, on the back, the addition is 
completed. Their purpose is to give quick practice in the addition 
facts. They can be used with individual children in the same way 
as with a whole class. The ‘question’ side of the card is flashed 
to the children (that is, for about two seconds) and they are 
expected to give the correct answer without hesitation. The card 
is then turned over for all the children to see the full correct 
‘fact’. The less able children are thus helped to remember 
this fact when it is shown again. These cards can be used in 
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many popular, interesting and useful games, such as the three 
described in Chapter XV, pages 247-8. 


(r) Oral class-activities — The children find it stimulating if the 
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FIGURE 33. --A practice-card, tor addition— the ‘changing-game’ type. (Chil- 
dren write the ‘answers’ on the strip of paper pinned on the right-hand side of 
the card and their names on the back of the slip) 

teacher sometimes takes the class as a whole for oral question- 
ing, in order to find out their knowledge of the addition facts. 
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For example, we may spend a few minutes at the beginning of 
the arithmetic lesson in quick questioning. ‘What are five and 
four?’ ‘What are four and five?’ ‘Give two numbers which make 


front 


8 + 3 



II 


(a) 


front 



(h) 



back 


FIGURE 34. — Self-corrective flash- 
cards (addition): (a) equation type 
( b ) process type 

Suitable sizes: for children, 3* x 2 m \ for the 
teacher, 8 r x 4' 

up nine.’ There are numerous class-activities of this kind (see 
Chapter XIII, page 193, and Chapter XV, page 249, for some 
details). 


E — ‘ Problems' — the importance of words as well as figures 

In our everyday lives we meet, and have to answer, all sorts 

of questions and problems. Some of these include numbers,* 

which are often spoken, written or printed as words and are not 

shown to us as figures. Further, the problem, expressed in words, 

seldom tells us directly what process we have to use in finding 

the answer. Thus we need not only knowledge of numbers and 

of the simple arithmetical facts and processes, but we must 

understand how to change the words of a problem into the right 

figures set down in the right way: that is, we must be able to 

sec what process is needed for finding the answer to a problem 

stated in words. (This becomes even more important if ever We 

come to study a subject like science.) 

• For example: questions which may happen to concern us about numbers of 
people or things, money and prices, lengths and distances, times, sizes, weights 
and so on. 
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The sooner children get used to hearing, and then reading, 
little ‘problems’ the better. If they start young, they soon gain 
confidence, speed and accuracy. 

Unfortunately, many children have difficulty, throughout 
their schooldays, in working out arithmetical examples given 
in the form of problems. Indeed, many adults have the same 
trouble all their lives. Yet most of the children and adults can 
‘do’ the actual arithmetic of their ‘problems’: their difficulty 
arises because they do not understand what they have to do — 
they cannot see how to use the information given in words so 
that it may be expressed in figures and arithmetical processes. 
There are several possible reasons for difficulty of this kind: 

(/) Lack of experience of little ‘problems’ when young. 

(ii) Insufficient practice with oral and written statements. 

(///) Failure to understand the words, phrases or sentences of 
the problem. 

(/v) Inability to apply and use arithmetical processes in real 
situations. 

Clearly, we can do much to help children to avoid such 
difficulties: 

(a) By making sure that, from the earliest stages, children get 
used to the language of arithmetic. They must hear plenty of 
suitable questions, and then, as they learn to read and write, 
should have little problems set for them on the blackboard. At 
first, the problems may be as drawings, with the words spoken. 
Later, the words are written (Fig. 35). Thus children learn to 
understand the meaning of phrases like: ‘add up’, ‘how many in 
all?’ ‘altogether’, ‘find the total’, etc. 

( b ) By giving plenty of practice with little problems at this very 
simple level, both orally and in writing. The teacher should 
regularly devote short periods, with the whole class, to this kind 
of work. At times the arithmetic lesson becomes a reading 
lesson, helping children to understand the meaning of exact 
statements put in simple words. 

(c) By taking pains to see that the problems are always suitably 
and clearly expressed in a form which the children can grasp. 

( d ) By making the problems ‘real’ : that is, by basing them on 
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everyday happenings and things familiar to the children. There 
are many opportunities of drawing attention to little problems 
concerning numbers outside the actual arithmetic lesson, and 
these should never be missed. 


(I) Put these beans in a bag. How many have you altogether? 


o o 




(2) Here is a tree. Draw it. Draw two birds on one 
branch and four on another. 

How many birds are there in all? 


(3) Draw a dish with fish on it like this. 

Now put on two more. 

How many fish are there now? 

FIGURE 35. — Blackboard ‘problems’ for young children 

Using such methods from the start, we help the child to grow 
up unafraid of problems, prepared to meet them and able to 
answer them. 

This chapter shows how children can learn what addition 
means, and how they can deal with the simple examples which 
occur during their play and other activities. The children are 
introduced to simple apparatus, which helps them to under- 
stand and to add more quickly. They also have practice in work- 
ing out and learning the primary addition ‘facts’. If this work is 
well done, it leads easily to the later addition process described 
in detail in Chapter XI. 





CHAPTER VI 


INTRODUCING CHILDREN TO SUBTRACTION 
A — The idea of subtraction 

Subtraction comes to have full meaning for a child only when he 
has the real experiences which involve it. Some of these ex- 
periences occur before he comes to school, that is, in the home 
and at play. From the people around him he ‘picks up’ a 
vocabulary which later gives meaning to the symbols of sub- 
traction he learns in school. For example: — 

(0 He goes to collect the hens’ eggs. He drops and breaks some 
of them and finds there are fewer than when he started. 

(») He wants to play a game for four players. One child has to 
go away. Three are left and they cannot play the same game. 
(hi) He has a number of coins. He uses some of them to buy 
things at the store and finds that he now has fewer coins than 
when he started. 

Any comparison made by him (or by the people around him) 
of lengths, sizes, weights or numbers may bring in the idea of 
subtraction in some form or another. For example: — 

(0 One tree is taller than another. It will need more foot-holds 
if he is going to climb it to get nuts or fruit. 

(h) He discusses his age with his brother and with other children; 
for example, ‘1 am five years old. My brother is seven. Next year 
I shall be six and he will be eight.’ ‘He is two years older than 
I am.’ 

(hi) He talks about his height in comparison with that of others: 
‘I am taller than you.’ ‘My father is bigger than yours.’ 

(iv) He makes claims about what he can do: ‘I can run faster 
than you.’ ‘I can jump higher than all the other children.’ 

(v) At meal-times he compares sizes of dishes: ‘My brother has 
been given a bigger dish than I have.’ 

B — ‘ Comparing ’ and ‘ taking away ’ 

There are two aspects of subtraction, as may be noticed in 
the two sets of examples given above. There is the aspect of 
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subtraction which involves ‘taking away’, and that which in- 
volves ‘comparison’. Two further examples may illustrate the 
point more clearly: — 

(a) ‘ Taking away ' . ‘Mother has a basket of twelve oranges. She 
finds that five are bad and throws them away. Seven good ones 
are left.’ Here the five is contained in the twelve. It is a straight- 
forward ‘take away’ example. If the child is doing this in his 
early arithmetic he merely removes the five from the twelve and 
counts what is left. 

( b ) ‘ Comparing ’. ‘You knocked down three skittles. I knocked 
down five. I won. I knocked down two more than you.’ Here 
the five and the three are separate quantities which are being 
compared. The three is not contained in the five. 

There is no need in the early stages to worry children about 
these two aspects of subtraction, but we ourselves should always 
be aware of them. We can then be sure of arranging work which 
includes examples of both types. 

C — Early school experiences 
(1) Subtraction activities 

As in the work on addition, we enlarge on the ideas with which 
the child comes to school, and arrange all kinds of activities and 
apparatus, so as to give further experience of subtraction. These 
activities are oral to begin with and are later associated with 
number-symbols. 

Here are a few such play activities, and many more can be 
invented. Some may be organized by the teacher and others 
made up by the children themselves. 

(i) The children play a game like ‘ man eater'. A group of chil- 
dren (say ten) are placed in a ‘village’ (a circle drawn on the 
ground). Another child, acting as the ‘lion’, approaches from the 
‘jungle’ and ‘captures’ children from the circle. Another child 
acting as the ‘hunter’ chases the lion away and tries to catch 
him before he reaches the ‘jungle’. If the ‘lion’ escapes, the 
‘hunter’ returns to the ‘village’ and counts the number of 
children left and decides how many were ‘eaten’. 

(//) Skittles — see pages 27 and 43-4. 

(Hi) The children act a little scene: for example, ‘ having visitors' 
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A plateful of ‘cakes’ is made and placed ready for the meal. A 
naughty boy comes in and takes some of them. The ‘mother’ 
counts the cakes and decides there are not enough for the 
‘visitors’. 

(/v) At the end of games like ‘ Oranges and Lemons' the children 
form groups behind their two leaders. Each group is counted 
and the larger group is declared the winner. 

(v) Subtraction rhymes are very valuable as a means of intro- 
ducing subtraction through counting backwards. If the children 
‘act’ the rhyme they understand the idea more quickly. 

Teachers should invent rhymes in their own language. Here 
are some simple examples in English: — 

(i) Ten little school-boys standing on a line; 

One boy moved backwards. Then there were nine. 
Nine little school-boys sitting on a gate; 

One boy fell off. Then there were eight. 

Eight little school-boys went down to Devon; 

One boy fell in the sea. Then there were seven. 

Etc. 

(ii) Ten green bottles hanging on a wall ; 

If one green bottle should accidentally fall, 

There’d be nine green bottles hanging on the wall. 
Nine green bottles hanging on the wall ; 

If one green bottle should accidentally fall, 

There’d be eight green bottles hanging on the wall. 
Etc. 

(in) Five big coconuts at the top of a tree: 

A monkey knocked down two — 

Then there were three. 

The children may be encouraged to make up their own sub- 
traction rhymes out of school. 

(vi) The ‘ number-story ’ apparatus, described in Chapter V (pages 
44-5), provides an excellent link between addition and subtrac- 
tion. The children have in front of them strips of cardboard 
which make up the ‘story of five’. They see that the various pairs 
of strips each make up 5. Then they ‘tell the story’ in subtraction 
form as they ‘take away’ various strips. For example: — 

‘If I take one from five I have four left. 

If I take two from five I have three left. 

If I take three from five I have two left. 

If I take four from five I have one left. 

If I take five from five I have none left.’ 
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(2) The language of subtraction 

In all these, and in other activities such as scoring games, the 
child either compares one amount with another or sees that when 
one quantity is taken from another there is a smaller quantity 
left. Thus he gets the idea and vocabulary which help him to 
understand and, in due course, to deal with the subtraction 
process. He begins to know what it means to ask : ‘How much 
bigger? — taller? — heavier?’ ‘How many are left?’ ‘How many 
more?’ ‘What is the difference between?’ ‘What must I add to?’ 
He also begins to understand instructions such as: ‘Take away’, 
‘Take from’, ‘Subtract’. 

(5) Children's records of subtraction activities 

The children should now be ‘ready’ to record the results of these 
activities, firstly by the use of number-cards (as in addition), and 
secondly by copying the figures down on paper. 

They are introduced to the sign ‘ — ’ which indicates the pro- 
cess of ‘taking away’. (It is also known as the ‘minus sign’.) 
The teacher refers to the sign *+’ which they already know. 

The skittle game is perhaps the best activity to record first. 
The child sees how many skittles are standing up (nine) and he 
gets a ‘9’-card to represent that number. He then throws his 
ball, notices how many he has knocked down (e.g. three), and 
gets a ‘-’-card and a ‘3’-card. He then counts how many skittles 
are still standing and gets a card for that (a *6’-card). He then 
sets down what he has done, like this : 

0B00B 

This is then copied down on paper as 9 — 3 = 6. Later he 
writes it in another way as shown here.* It is impor- 
tant to have ‘nought’ -cards available so that children 
learn the idea of subtracting 0 from another number - — ^ ~ 

(for example, 9 — 0=9), and subtracting a number 

from itself (for example, 9—9 =0). — 

The same procedure is used for other activities, 

such as ‘number-stories’. 


• See footnote on page 41. 
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LIST IV 


64 PRIMARY SUBTRACTION FACTS (WHERE THE 
SUBTRACTION IS FROM 10 OR LESS) 



Note — Children are first given experience with all the facts in this List. 
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LIST V 

THE OTHER 36 PRIMARY SUBTRACTION FACTS 



Note — The primary subtraction facts are listed in full to enable the teacher to 
cover them all. Only when children are familiar with all the facts in Lists IV and 
V do they begin to make a deliberate attempt to memorize them. 
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D — Subtraction examples set by the teacher 
The children now pass from recording their own activities to 
working out examples set by the teacher. As explained for 
addition, in Chapter V, we must be sure that the children are 
having practice in all the subtraction 'facts’. These ‘facts’ may 
not arise in the number games which the children play on their 
own. Thus it is necessary, at this stage, for us to organize the 
work so that all the ‘facts’ arc covered. 

The hundred primary subtraction ‘facts’ are given in Lists IV 
and V. List IV deals with the sixty-four ‘facts’ where the sub- 
traction is from ten or less. When the children have had plenty 
of practice with all the facts in List IV, they may be given the 
examples in List V. (This deals with the next thirty-six ‘facts’ up 
to 18 - 9 =■= 9.) 

We use these lists when writing examples on the blackboard 
for the children to work out. As before, the children use 
apparatus such as number-slides, counters, etc., to help them 
carry out the subtraction. 

E - Learning the primary subtraction "facts' 

As with the addition facts, there comes a stage when, having had 
experience of all the primary subtraction ‘facts’, the children 
must memorize them so that they know them without having 
to think. They must be able to do this so that they will not be 
hindered when they come to more difficult work. 

Following the plan for addition, the primary subtraction facts 
should be arranged in selected sets so that adequate practice is 
given on each individual fact. 

A suggested arrangement is given in List B, built up as des- 
cribed for List A, page 54. This gives nine sets for learning 
(omitting the fact 0 — 0 == 0, which can be dealt with separ- 
ately). The teacher may build up similar sets, or use also the 
vertical columns of List B (though these tend to be ‘random’ 
rather than selected sets). 

The learning of the facts in each set is most effective if the 
teacher follows the plan recommended for addition. 
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(a) Subtraction practice-cards — These are made up so that each 
contains a set of facts from List B (Fig. 36(a)). First the children 
work through all the cards,* using apparatus if necessary, and 
writing down the examples in their books. 

Next, the cards are worked through again, but this time 
without apparatus. 

Finally, the series is worked through without writing down the 
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(a) (b) 

FIGURE 36.— Practice<ards, for subtraction: (a) Children use apparatus if 
necessary, and write out the examples in their note-books - facts from Set 5, 
List B\ ( b ) Answers only are written on a slip of paper (with the child's name on 
the back) —facts from Set 6 , List B 

As before, a suitable size for these cards is x 3* 


examples. The answer only is written on a slip of paper (Fig. 
36(6)), the child having first written his name on the back for 
purposes of marking. 

It is again most important that the teacher should keep a 

• Twenty cards may be made up from List B if the eleven vertical columns are 
used as well as the nine horizontal rows. 
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LIST B 


PRIMARY SUBTRACTION FACTS * ARRANGED IN 
NINE SELECTED SETS f 
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* Note — The ‘result’ of each subtraction, normally a part of the full statement 
of the fact, is omitted in this List, as the teacher does not need it when using the 
sets for oral testing, the making-up of practice-cards, etc. 

t Note — As described on page 52, the teacher may arrange similar sets. He 
may also use the eleven vertical columns of the above List, though these will tend 
to be ‘random’ rather than ‘selected’ sets of facts and they do not contain ‘twin 
facts’. 
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detailed record of the children’s progress and mistakes (see 
suggestions on page 53). 

( b ) Relating subtraction and addition facts — It has already been 
suggested that there should be some linking of subtraction facts 
with addition facts. The child’s memory of both is helped if he 
understands that each subtraction fact is related to an addition 
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FIGURE 37. — A practice-card, for subtraction, with addition check. (The child 
removes the slip of paper and checks his answers by turning the card over and 
comparing them with the first column of figures on the back. Similarly he may 
check his additions against the first column of the subtraction side of the card) 

fact which he already knows. For example, if he knows that: 

9 + 8 = 17, and 8 I- 9 - 17, 
he ic helped in learning that: 

17 — 9 = 8, and 17—8=9. 

Practice-cards should be made up which give children experience 
in dealing with these related facts (Fig. 37). Children can mark 
their own answers if it is pointed out to them that the first 
figures on the left-hand side of the ‘addition’ part of the card 
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are the answers to the examples on the ‘subtraction’ part of the 
card (and vice versa). 

(c) Self-corrective flash-cards — As described in Chapter V (page 
58), flash-cards (Fig. 38) are used to give the children further 
pleasurable repetition of the facts, through games and other 
activities (see Chapter XV). 

We should use this opportunity for putting right the mistakes 
commonly made by the children. For example, we should 
arrange for the children to play flash-card games using the facts 
of which they arc uncertain (as shown by our record book). 

( d ) Oral class-activities — Most of the ways of learning so far 
described have been individual, but throughout all this work we 
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FIGURE: 38.- Self-corrective flash-cards (subtraction): (a) equation type; 

(/>) pro- :ss type 

As before, a suitable size for these cards is 3* > 2 W 

should make use of the stimulation which often comes from 
taking the class as a whole. This should only be for short 
periods at a time, however. For a minute or two at the beginning 
of a lesson, for example, the children may be questioned, orally, 
on a particular set of facts. 

We must also make use of any happening during the day 
which may be thought of as an example of subtraction. For 
instance, in the physical education lesson each team-leader is 
asked to find out how many children in his team are away from 
school. One leader reports, for example: ‘I should have nine in 
my team. I only have seven. So two are away.’ 
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F — 4 Problems' — the importance of words as well as figures 
Oral work with the class is also important because it gives 
children the opportunity to make correct statements about 
subtraction, and to understand statements made by someone 
else. Correct use of the language of subtraction is the basis for 
later ability to deal with oral and written ‘problems’. Thus the 
teacher should help children to hear and ‘see’ a simple fact, 
like 5—2 = 3, expressed in various ways, such as: 

‘Three is two less than five.’ 

‘Two needs three more to make five.’ 

‘Five is bigger than three by two,’ etc. 

The learning of arithmetical facts loses its value and children 
have great difficulty in dealing with problems unless they have 
plenty of experience of this ‘arithmetic in words’. 

It is advisable, from the start, to give short, but regular, 
periods of practice in carrying out directions requiring that 
subtraction should take place. At first this work should be oral; 
later, it should be in written form. Examples: — 

(i) ‘Here is a strip of paper. Draw twelve crosses in a row on it. 
Tear off three crosses. How many are left? Put down what you 
have done in figures in your note-book.’ 

(») The teacher says : ‘There are ten books on my table. John, 
please leave three and put the rest away in the cupboard. Close 
the cupboard door. Now, how many books did John put 
away?’ 

(in) The teacher strides across the room, the children counting 
the number of strides. Now Mary strides across and the children 
count again. The teacher asks the class: ‘How many more 
strides did Mary take than I did?’ 

The teacher is recommended to read again the section on 
problems in addition (pages 60-62), as it applies equally to 
subtraction. It is most important that the work should relate 
to everyday happenings, to familiar objects inside or outside 
the class room, or to things which the children can draw. It 
must be remembered, too, that suitable examples often occur 
during lessons on other subjects, or in play-time. We should 
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always show how a suitable ‘problem’ can be written down in 
figures as an instance of subtraction. 

This chapter suggests ways of helping children to understand 
the idea of subtraction, whether expressed in words or figures. 
It shows how children may be introduced to methods of dealing, 
on paper, with simple examples. To do this they first use 
apparatus and then learn the primary facts through practice- 
cards and flash-cards. They learn, too, the important principle 
that addition and subtraction ‘facts’ are linked and can be 
remembered together. 

If this work is done thoroughly, so that the children really 
understand it, they go on with confidence, and much less 
difficulty, to the subtraction process described in Chapter XII. 



CHAPTER VII 


INTRODUCING CHILDREN TO 
MULTIPLICATION 

A — The idea of multiplication 

In everyday life multiplication is probably the most used of all 
the four common arithmetical processes. It is therefore very 
important that the child’s introduction to multiplication should 
be thorough and well understood. Speed and accuracy in 
multiplying are essential for later mathematical work, and 
depend upon thorough learning in the early stages. 

The children should be introduced to the idea of multiplica- 
tion after they can add, easily and correctly, up to totals of about 
twenty. It is better to postpone the introduction to this stage 
because understanding of multiplication depends upon the 
child’s previous understanding of addition. 

A child’s early number experiences rarely include situations 
where he needs to be able to multiply. It may seem, therefore, 
that the process is more difficult to teach, since the basis for it 
appears to be lacking. But, if we think of the process as a quick 
and convenient method of adding a series of the same numbers, 
we see that most children do, in fact, have the necessary ex- 
perience upon which to build the idea of multiplication. 

Children begin quite early to notice groups of objects which 
look alike. Soon they begin to sec that some groups look alike 
because they are made up of equal numbers. They notice pairs 
of things very early: legs, eyes, birds’ wings, shoes, bicycle 
wheels. They may notice that certain plants have leaves set in 
threes. Groups of four come within their experience from 
observing the number of legs of some common animals, from 
looking at tables and chairs, and from noticing the wheels of 
cars, trucks or lorries. Fives and tens they observe from their 
fingers and toes. Groups of six may occur to the child as an 
extension of the ‘threes’ grouping, but he may also notice groups 
of six if he counts the legs of an insect, or the points of a ‘star’ 
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on a badge, flag or other emblem. He may also notice, perhaps, 
that in some countries certain coins have six sides, and that in 
some games the ‘board’ is constructed of holes grouped in 
sixes. Groups of seven may be experienced through counting 
on the calendar, when he notices that a week occupies a line of 
seven days from Sunday to the following Saturday. 

It is doubtful whether larger groupings suggest themselves 
until they are met in connexion with measurement and money 
(for example, groups of twelve inches, or twelve pennies). But 
we are here concerned only with the early grouping as a founda- 
tion upon which to build the idea of multiplication. 

B — Early grouping-activities 

It has been recommended that young children should not start 
multiplication until they are proficient in the early work of 
addition. It is further strongly recommended that multiplication 
should be preceded by plenty of activities which involve group- 
ing into twos, threes, fours and fives. This not only helps the 
child to understand multiplication but also proves very useful 
in the work to be done in division. 

Here are a few such activities: — 

(0 The children collect beans, seeds, marbles, etc., and put equal 
numbers of them into sections of the sorting-trav, according to 
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FIGURE 39.— The number-tray, used for equal groupings and number-cards. 

(Sec Fig. 1) 

the number asked for by the teacher. The children then put the 
appropriate number-card into each section of the tray (Fig. 39). 
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The teacher then asks: ‘How many threes (or fours, etc.) have 
you?’ 

(Note: There is no multiplying yet, no asking for a total. The 
child is merely getting the idea of recurring groups of numbers.) 

(«) The children play ‘ Noah's ark,' with wooden or clay-moulded 
animals. They pair them off, two by two. The teacher asks: 
‘How many twos (pairs, couples) have you?’ 

(hi) The same number of flags, made of paper and sticks, is 
stuck into each of several ‘ castles' (heaps of sand or soil — see 
Fig. 14, page 33). The teacher asks: ‘How many fours have 
you?’ 



FIGURE 40.— Equal groupings, using model bird-nests and eggs 


(iv) Models of bird-nests are made from grass. The same 
number of model eggs, made from clay or mud, is put into each 
nest. The teacher asks: ‘How many nests have you with five 
eggs in each?’ (Fig. 40). 

(v) The children thread beads in twos (or threes). After each 
group they thread a number-card (Fig. 41). The teacher asks: 
‘How many twos (threes) have you?’ 

(v/) The 'blind man's game' helps children to recognize equal 
groups through their sense of touch. The teacher prepares cards 


^iririrrT' 

FIGURE 41.— Equal groupings, using beads and number-cards 


(such as those in Fig. 92, page 245) on which the number- 
patterns are raised above the surface (for example, buttons). The 
children test each other in turn. One child closes his eyes and is 
asked by the other to feel lightly over the pattern on the cdrd. 
The ‘blind man’ then has to answer questions like: ‘How many 
fours on the card?’ 

(vh) The children make models of sheep (or other local animals) 
from clay or mud. These are put into pens made of sticks, six in 
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each pen. They are supposed to be at the market. Each pen has 
a card bearing the number six. The teacher asks: ‘How many 
sixes?’ 

(viii) These activities can be extended by telling number ‘ tales' . 
The stories are first of all made up by the teacher, and then later 
the children make up their own. The teacher begins: ‘This is a 
tale of fours. Pick out the fours. “A car (four wheels) went fast 
down the road. It nearly ran into a cow which was being driven 
by a little boy who had a dog to help him.” — How many fours? 
Yes — three fours.’ (At first the teacher emphasizes the words in 
italics.) 

‘This is a tale of fives. Listen to the fives: “I held out my left 
hand when teacher asked me. Then he asked me to show the 
opposite, so I held out my right hand. Then I looked at my right 
foot because teacher said I had mud on it. I looked at the left 
foot and found it was clean.” How many fives? Yes — four 
fives.’ 

‘This is a tale of twos. Listen for the twos: “The bird perched 
with its little feet on the branch of a tree. Then it saw a cat 
coming. So it opened its wings and flew down to where a man 
was walking wheeling a bicycle in front of him.” — How many 
twos were there? Yes— four twos.’ 

‘This is a funny story of threes. Listen carefully for the threes. 
“A very fat man came into our house and sat on a chair. He 
was so heavy that one of the legs broke off the chair. He then 
sat on the table and a leg broke off that too. So we brought him 
a three-legged stool.” How many threes? Yes — three threes.’ 

The above activities lend themselves to drawing so that 
children can add to their experiences by illustrating the various 
groupings which they meet. 

C — Counting in groups 

The work so far has been concerned with equal grouping only, 
so that the children have been able to say after each activity: i 
have four groups of two; I have three groups of four; I have 
five groups of three’; etc. There has so far been no direct request 
on the part of the teacher for the children to calculate totals 
from their grouping. Able children often make these calculations 
of their own accord, and grasp the idea of multiplication without 
any direct teaching. But the majority of the children need to be 
shown how to find the number of objects they have altogether. 
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They can, of course, count in ones, but the teacher should 
emphasize that it is quicker to learn to count in groups. 

It is suggested that the activities like those previously des- 
cribed should be used to introduce this work For example: — 

(i) The children make four ‘nests’ and put two ‘eggs’ in each. 
The teacher then says : ‘Let us find how many eggs we have al- 
together. Let us count in twos. Ready! Two. Another two — 
that makes four. Another two — that makes six. Another two — 
that makes eight. Four groups of two make eight.’ (The children 
write down, from the blackboard, ‘4 twos make 8’.) 

(/'/) The children put three beans into each of four sections of a 
matching-tray. The teacher says: ‘Let us find how many we have 
altogether. Let us slowly count them in threes. Ready ! Three. 
Another three— that makes six. Another three— that makes 
nine. And another three — that makes twelve.’ (The children 
write down from the blackboard ‘4 threes make 12’.) 

(m) The children make five sand-castles and put four flags on 
each. The teacher says: ‘How many flags altogether? Let us 
count them in fours. Ready ! Four, eight, twelve, sixteen, twenty. 
Five groups of four make twenty.’ (The children write down 
‘5 fours make 20’.) 

(iv) The ‘20’ or ‘24’ number-slide (see page 106) is used. The 
child takes, for example, three number-strips (size five, say). He 
puts them into the slide and finds that three fives make fifteen. 
This fact is then written down. 

(v) The learning of suitable rhymes also gives facility in group 
counting. Here are some examples in English. Teachers should 
make up similar rhymes in the language in which they teach. 

Two, four, six, eight, ten; when shall we go home again?’ 
‘Three, six, nine; they are all mine.’ 

‘Twelve, fifteen, eighteen; please don’t keep me waiting.’ 

‘Four, eight, twelve; sixteen, twenty; fruit to eat — I like plenty.’ 

D — Recording multiplication activities 
The children should now be ready to be introduced to the 
phrases and symbols which will eventually enable them to deal 
with multiplication facts. 

(/) Introducing the word ‘ times' 

This is best approached through some simple class-activity. For 
example, a number of shells (beans, stones or any common 
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object) are put on the table at one end of the room. A child is 
told to go to the table and bring back two shells. ‘Now go again 
and bring another two. Now go again and bring another two .’ 
We then ask the class : 

‘How many times did lie go?’ — ‘Three times.’ 

(‘3 times’ is written on the blackboard.) 

‘What did he bring each time?" — ‘Two.’ 

(The blackboard now reads ‘3 times 2’.) 

‘And how many have we altogether?’ 

The children count in two’s — ‘Six’. 

So we have ‘3 times 2 makes 6’. 

We go through this procedure with other ‘facts’ (up to a 
product of 24), and each time the children write down in their 
books what is happening. After the first stages, it is probably 
better to use pictures of objects instead of the actual things, 
since pictures are easier to handle and give a better idea of 
groups. So that, for example, when introducing the fact 
5 x 4 = 20, we ask a child to go five times to the table and pick 
up each time a picture (Fig. 42) with four fruits (of a kind known 
to the children). 



F I G U RE 42. — A picture-card, for equal groupings, useful when introducing the 

word ‘times’ 


This is also a convenient method for introducing the ‘nought 
facts’ in multiplication. For example, we ask a child to go to the 
table three times and bring nothing back each time. 

‘How many times did he go?’ — ‘Three times.’ 

‘What did he bring back each time?’ — ‘Nothing.’ 
‘What has he got altogether?’ — ‘Nothing.’ 

The fact is then written up: ‘3 times 0 makes O’. 
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(2) Introducing the multiplication sign 

The teacher should then introduce the sign * x ’ to take the place 
of ‘times’, referring to the other signs which the children have 
already met in addition and subtraction. The word ‘multiply’ 
need not be introduced at first. 

The previous work should now be repeated, but with the sign 
4 x ’ instead of the word ‘times’. Thus the children now record 
the facts like this: 3 x 4 — 12. (They are already 
familiar with the sign ‘=’.) 

At this stage the children should also learn, 
and have practice in setting down, the ‘facts’ in 
another way, as shown here.* This gives the 
opportunity for introducing the word ‘multiply’. 

(3) Working out the early multiplication facts 
As in the early work in addition and subtraction we should 
decide what ‘facts’ the children are to deal with at this level, 
and then should make sure that all these facts are given adequate 
attention. 

It is convenient to decide upon those facts which have a 
product of twenty-four or less. These facts deal with small 
numbers, so the children are not worried while they are still 
getting the idea of multiplication. Moreover, from these facts 
the full ‘table of twos’ f can be built up. All these facts are given 
in List VI. 

We should use this list to give examples on the blackboard 
which the children can write down and work out, using appar- 
atus if necessary. In this way they should gain experience of all 
the facts in the list. 

E — Building up the early multiplication facts into ‘ tables' 

It is advisable, now, to set down in the form of ‘tables’ (see the 
footnote below) the facts with which the children have been 
dealing. In this way they can see how the facts are related to 

• See footnote on page 41. 

t A multiplication ‘table’ consists of related multiplication facts listed in in- 
creasing order. Thus the ‘table of twos’ begins ‘One two is two; two twos are four; 
three twos are six; . . and (usually) ends at ‘Twelve twos arc twenty-four*. In 
this form the facts are most easily repeated aloud and learned by rote. 
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EARLY MULTIPLICATION FACTS (WHERE THE RESULT 
OF THE MULTIPLICATION IS NOT GREATER THAN 24*) 
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The facts involving nought 
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• The primary facts usually refer only to single figure multiplications, ending 
at 9 x 9 = 81. Multiplication by 10, 11 and 12 is included here because of its 

r. * • . n . . . 
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each other. Seeing and saying the facts in the form of tables 
helps children to memorize the individual facts. 

In Chart I the facts (from List VI, page 83) are set down in 
the form of tables. This should be done with the children, 
starting with the ‘table of twos’. (It is considered unnecessary 
to set down the ‘table of noughts’ at this stage since the facts 
should be learned by applying a general principle, and by in- 
clusion in practice-cards, etc., which are used later. The ‘table 
of ones’ may also be omitted, according to the teacher’s prefer- 
ence. Both tables are included at a later stage — see Chart IV, 
Chapter XV — for the sake of completeness.) 

This chart should be put on strong paper or cardboard and 
left on display in the class room. It should be added to as the 
children learn new facts. Eventually the chart should contain all 
the tables which have been gradually built up with the children. 

It should be pointed out to the children that most of the 
facts in the table of twos appear again, in 'twin' form, in the other 
tables. The same is true of the facts in the other tables. The 
ways in which children can be helped to understand and use this 
very important principle are fully described in Chapter XIII 
(pages 188-90). 

F — Learning the early multiplication facts 

As with the addition and subtraction facts, there comes a 
stage when the children must learn these multiplication facts so 
that they know them without having to think. 

The facts should be arranged in selected sets so that adequate 
practice can be given for each individual fact. A suggested 
arrangement of sets, which may be used for practice-cards, etc., 
is given in List C. 

(a) Multiplication practice-cards- -These are made up so that 
each has a selected 
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CHART I 

EARLY MULTIPLICATION FACTS ( 60 ), ARRANGED AS TABLES 
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necessary, and writing down the examples in their books as 
shown. 

Next the series is worked through again, but this time without 
apparatus. 

Finally the cards are worked through without writing down 
the examples. The answers only are written on a slip of paper 


Multiplication Set 1 


3X4 

— 


1 X 2 

= 


4X6 

a 


2X2 

B 


1 X 1 

B 


4X3 

= 


6X4 

B 


2 X 1 

B 



(a) 


Multiplication Set 15 

’ 015' 

6X4 

= 


3 X 1 

B 


7X3 

B 


5x2 

B 


2X6 

= 


1 X 9 

= 


2 X 12 

Bl 


3X7 

= 1 



( 6 ) 


FIGURE 43.— Practice-cards, for multiplication, (a) With this type the children 
first use apparatus; later they do without, in each case writing out the examples 
in their note-books — facts from Set /, List C. (< b ) Having written his name on the 
back of a slip of paper, the child pins it to the card and writes the answers only 
— facts from the seventh vertical column of List C 

Suitable size (as before): 4J' x 3* 


(Fig. 43(6)), on the back of which the child first writes his name 
for marking purposes. 

The teacher should keep a careful record of each child’s 
progress and mistakes and, as described in Chapter V, pages 
54-5, should arrange for further practice of facts not properly 
known. 


(6) Self-corrective flash-cards — As in Chapters V and VI, flash- 
cards (Fig. 44) are used to give the children further pleasurable 
repetition of the facts through games and other activities. (See 
Chapter XV for some details.) 
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LIST C 


EARLY MULTIPLICATION FACTS* (ARRANGED IN 
EIGHT SELECTED SETS f ) 
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Note— (I) The facts 8 x 3 x 7 x 3 x are included twice in order to give 
3 8 3 7 


the same number of facts in each set. 

( 2 ) The facts involving nought arc not included at this early stage. (They are 
included in later charts and sets— see Chapter XV.) 

* The ‘answer’ part of each fact is omitted here, as the teacher does not use it 
in making up practice-cards, etc. 

t Further ‘sets’ may be taken from the vertical columns of the List. 
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We should arrange for the children to play games with flash- 
cards of the facts which they find hard to learn or which they 
do not remember. 

(c) Oral class-activities — Throughout the day, we should make 
use of any events or situations which may serve as illustrations 
of multiplication facts. For instance, in a nature study lesson 
plants have been hung up in groups of four. The teacher says: 
‘Look at these, children. There are five groups of plants with 
four in each group. How many are there altogether?’ There are 
many occasions when such opportunities occur, both indoors 


front 5 X 4 



= 20 


back 







/\ 5 >< 

front 

4 


4 




20 


(b) 


back 


FIGURE 44.— Self-corrective flash-cards (multiplication): (a) equation type; 

(b) process type 

Suitable si/e (as before): 3' x 2 " 


and out of doors, and in other lessons, including drawing, 
painting, hand-work, physical education, religious knowledge, 
etc. Whenever he has the chance, the teacher should refer to an 
arithmetical principle which the children are learning or have 
learned. Similarly he can give suitable practice (for example, as 
here, in grouping) and point out the applications of processes. 
Children enjoy the brief ‘interruption’ (‘Do you remember?’ 
‘How could we do that?’ etc.), and it makes them realize that 
arithmetic is not a mere ‘lesson’ but something constantly used 
and useful in daily life. 

From time to time the class should be taken as a whole, to 
say the tables, and for quick questioning on individual facts. 
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Chapter XV deals in detail with the learning of multiplication 
facts. The teacher is strongly recommended to use the ideas 
which are suggested there for stimulating the children’s desire 
to learn. 

G — ‘ Problems' — the importance of words as well as figures 

It is important that, from the earliest stage, children should 
begin to learn the ‘language of multiplication’. Hence we should 
give them practice in hearing oral statements involving multipli- 
cation at a very simple level. As soon as they can read a little, 
simple written statements should be given. In this way children 
get to know the various words and phrases which mean that 
multiplication is necessary. 

At the same time, and as in the case of addition and sub- 
traction (see pages 60 and 74), very simple problems should be 
set: at first orally; later, on the blackboard. The whole class 
works together, to begin with, and each child illustrates the 
problem and writes down the results in his note-book. For 
example: ‘Draw three flowers, each having five petals. How 
many petals are there altogether?’ ‘Here is a cart, with four 
wheels. Each wheel has five spokes. Draw the wheels. How many 
spokes are there in all?’ It is only too easy to overlook this very 
important part of the work when trying to help children with 
facts, figures and processes. 

As suggested already, such ‘problems’ should be based on 
things and events familiar to the children in their everyday 
lives. In this way children get used to, and gain confidence in 
dealing with, spoken and written problems. 

This chapter suggests various ways of giving children the 
experience which helps them to understand the meaning of 
multiplication. Then we consider how they learn to write 
down and work out the early multiplication ‘facts’, which are 
later memorized through the use of practice-cards and flash- 
cards. 

It is emphasized again that, throughout this work, the teacher 
should remain aware of the importance of children seeing and 
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using multiplication in everyday activities. Similarly, we note 
that the importance of little ‘problems’ in words should always 
be kept in mind. 

When children acquire a good knowledge of this work, they 
are ‘ready’ to go on to the further multiplication facts and pro- 
cesses discussed in Chapter XIII. 



CHAPTER VIII 


INTRODUCING CHILDREN TO DIVISION 


A — The idea of division 

Most teachers think that division is very difficult for children 
to understand. As evidence for this opinion they point to the 
undoubted fact that the division processes are usually per- 
formed less quickly and less accurately than any other process. 

The apparent difficulty may be due to a number of causes, 
among which the following are perhaps the most important: 

(а) Some teachers themselves do not have a clear idea of what 
is involved in the division process. 

(б) The idea of division does not occur as easily and spon- 
taneously to children through their normal activities as, for 
example, does the idea of addition (see page 38). 


O O O 
O O O 
O O O 
O O O 

(a) 


OOP 


OOP 


P P P 


P P P 


(b) (c) 

FIGURE 45.— An illustration of two meanings of ‘12 — 3’ 


(c) The formal idea of division is often introduced too early 
for many children : that is, before they are ‘ready’ for it. This 
results in considerable confusion in the child’s mind. 

Let us look at these three points in turn. 

If we put down twelve objects, as in Fig. 45(u), and write 
12 3, we may be required to think of the problem in one of 

two different ways— though, of course, the answer is the same 
(that is, 4) in both of them. 

(0 12 3 may mean that we are asked to separate the 12 

objects into 3 equal parts and the question is : ‘How many objects 
are there in each part?’— as in Fig. 45(6). The answer is 4 
objects. 
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(if) 12 3 may mean that we are asked to group the 12 objects 

into equal groups of 3. The question is: ‘How many groups of 
3 are there?’-— as in Fig. 45(c). The answer is 4 groups. The 
answer is 4 in both cases, but what the 4 means depends upon 
what is asked in the problem. 

It is important that we should understand the distinction 
between these two aspects of division, because, at a later stage, 
it affects children’s understanding of how the division process is 
involved in written and actual problems. It is, however, considered 
unwise to bring this distinction to the notice of children during 
the early stages. At this level the child is mainly concerned with 
understanding the process of division, realizing when he needs 
to use it, recognizing the symbols for division, and making the 
appropriate calculation. This, of course, should always be based 
upon the handling of actual objects and other material and the 
practical carrying out of the division process. 

Now let us take the next main reason for the difficulty in- 
volved in division as compared with other processes: namely, 
that the idea of dividing does not occur so easily or so frequently 
in the child’s normal activities as do addition and subtraction. 
All the more reason, then, for us to give the child in school as 
wide a background as possible of practical experience of division 
before going on to the written work. 

But if we look more closely at their general experience before 
they come to school we shall find that most children do see and 
hear a great deal of activity, on the part of their parents, brothers 
and sisters, which involves the idea of division in some form or 
another. From watching and listening to these activities they 
acquire a vocabulary which later helps them to give meaning 
to the terms used in division. It is upon this basis that we should 
build our teaching. 

in most homes, for example, the child secs the sharing among 
the family of food and drink. This is not always equal sharing, it 
is true, but the mere fact that shares are sometimes unequal is 
sure to draw attention, and possibly cause argument! The child 
himself helps, perhaps, in the sharing of food and drink among 
domestic animals and birds, when phrases like ‘share into four 
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parts’ are used. When the grown-ups and children return from 
fishing, the nets are emptied and the fish shared out, with much 
talking about quantities and shares. Other phrases, like ‘We 
will have a quarter each (or a half each)’, occur in play, or when 
the produce from a garden plot is harvested. When the family 
goes out collecting fish or crops, the child sees how piles of wood 
or fruits arc divided up into bundles among the family to make 
it easier to carry them. He sees long pieces of rope being cut 
up into shorter lengths in order to tie up animals or goods. He 
watches and hears his parents and other grown-ups at the 
market, shop or store, reckoning the cost of one or more articles 
priced by the dozen or score. In some areas a child sees rituals 
and dances where groups of people divide off into smaller groups 
in order to perform separate parts of the ceremony. 

Perhaps all this is understood very dimly by the child, and has 
little meaning as far as the division process is concerned. But 
gradually he is getting the ideas and, above all, the vocabulary 
connected with division. Slowly he comes to understand, 
through such experiences, the meaning of the words and phrases 
he is likely to meet in school: for example, share; divide into; 
how many are there in? grouping; split up, equal parts of, 
between, among; measure off; etc. 

The third reason suggested for the apparent difficulty which 
children find in division is that they are often made to try formal 
written work before they have enough experience to understand 
what they are doing: that is, before they are ‘ready’. The 
teacher’s first job is to increase the child’s pre-school experience, 
and then to adapt it to form a basis for later formal division. 
Suggestions for this kind of work, where the children share and 
divide by handling actual objects and apparatus, are described 
in the following section (B). 

B — Early division activities in school 
In the early stages of these activities no written symbols are 
used and no written work is done, but the vocabulary of division 
is used orally. Some of the work is individual; some is done by 
small teams of children under a leader, where the leader does 
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the sharing. (Each member of a team takes turn to be leader.) 
In these various activities, the child sometimes makes groups of 
objects and sometimes shares things in order to do the division 
process. However, it is neither necessary, nor desirable, at this 
stage, to point out this distinction to the children. 

(a) Sharing with the number-tray —In this exercise each child 
works alone. He is given a particular number of objects (beans, 
fruit stones, shells, coins, pencils, chalks, pictures), and told to 
share them equally between certain sections of the tray (Fig. 46). 



I I I 

mi 

i 

\n i 


FIGURE 46. — The number-tray, for division (sharing). At a later stage the 
child puts number-cards with the objects in the sections of the tray. (See Fig. 1) 

Note — Here the child is sharing in ones (not in groups), that 
is, putting the objects one at a time into each section. The 
question he is asked (or asks himself) is: ‘How many in each 
section of the tray?’ 

( b ) Sharing and grouping small objects — The leader of each team 
has a bag in which are a stated number (ten, say) of objects such 
as shells. He shares them between two other children. At first 
he probably gives them out one at a time and they get five each. 
But the teacher suggests that since he is giving shells to two 
people he should take out two shells at a time. Every time the 
leader takes two shells from the bag each child gets one. So that 
the number of times two shells are taken from the bag is also 
the number of shells each child gets. In this way the children get 
experience of division by grouping. 

(c) Folding and cutting paper — The children are provided with a 
strip of paper upon which a number of equally spaced dots have 
been drawn. Alternatively, the paper strips may have holes 
punched in them. The children are asked how many dots there 
are. — Ten. They are told to fold over the paper after every two 
dots. ‘Now, how many parts make up the whole strip? Count 
them.’— Five (Fig. 47(a)). ‘How many lots of two make up 
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ten?’ — Five. (The children may cut up the paper, if the teacher 
thinks this is necessary.) A strip of paper, marked or punched 
in the same way, should then be used to enable the children to see 
that there are two fives in ten (Fig. 41(b)), that is, they are asked 
to halve the paper or ‘fold it into two’. 

Similar strips of paper, covering all the early division facts 
(List VII, page 100), may be made and used. In this activity 
again the children are making groups. 

(d) Playing at workmen on pay-day— (i) One child has card- 
board coins (all the same) and shares out the ‘money’ equally 



a 


(b) 

FIGURE 47.- Paper strips for folding (division) 

among a number of other children. Here the question in their 
minds is: ‘How much do we get each for the work we have 
done?’ — that is, they are sharing. 

(//) The children have coins (for example, twenty, all the same 
kind), and are told that each workman must be given four coins 
for his wages. So they make piles, putting four coins in each. 
The question they have to answer is: ‘How many workmen can 
be paid?’ — that is, they are grouping. 

( e ) Hoisting the flags— The children are given a number of flags 
(for example, twelve). How many ‘castles’ can be built if each 
has three flags? (Here again the children are grouping.) The 
children take a flag each and group themselves into threes. 
Each group makes a ‘castle’ and puts in the flags (Fig. 48). 

(/) The 'division train'— The children move the ‘train’ along the 
line to find how many ‘signals’ have to be passed on a particular 
journey (Fig. 49). (A ‘signal’ occurs every time the ‘train’ is 
moved forward its full length.) For instance: ‘Take the “4” 
train. How many signals are there up to the number twenty on 
the line?’ Here they are grouping by ‘measuring o(f’. 

(#) The number-slide (See pages 34, 44, Fig. 56 and page 469.) — 
The child takes a short strip, for example, of three inches, and 
is asked: ‘How many times will this go to reach 12 (or 15, or 
18)?’ He tries it, marking with his finger where each strip ends. 
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and counting the number of times it ‘goes into’ the given length. 
This is again grouping in the sense of ‘measuring olf’. 

We arrange at the right time to introduce, into all such 
activities, situations where the children begin to get the idea that 



FIGURE 48. —‘Hoisting the flags’: an experience in division 


sometimes there is a remainder after the division has taken place. 
For example: — 

(/) When sharing out shells between two children, the teacher 
arranges to have an odd number (for example, eleven) of shells 




The *4’ train 


FIG UR E 49. — The ‘division train*, another experience of division 

(See page 473 for a description of the apparatus) 


in the bag. The leader takes out two shells at a time. When the 
two children have five shells each, the leader dips into the bag 
again and finds only one shell. He cannot share this out. This 
one is ‘over’. 
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(/7) When using the number-slide, the child is asked : ‘How many 
times will the “3”-strip go into the 17?’ He moves the ‘3’-strip 
along five times, and finds there are two spaces ‘over’, and which 
he cannot use. 

In each case the bit left over should be commented upon by 
the teacher. 


C — Making use of everyday happenings 

We should also make use of incidental situations, inside and 
outside the class room, for giving children experience of division 
and of the vocabulary which goes with it. For instance: — 

(a) In physical education lessons the class is often divided into 
a number of teams, with a certain number of children in each 
team. The teams must be equal in number for some games like 
relay races. (Sometimes there are children ‘left over’.) Balls and 
other apparatus are often shared among the various teams. 

(b) In dancing the children are sometimes arranged in equal 
groups. 

(c) Attention may be drawn to the number of children in the 
class and how many can be seated at one desk or on one bench, 
and thus to the number of desks or benches needed. 

(d) When discussing future plans, or coming events in the 
calendar, the teacher may bring in division by asking questions : 
‘Christmas will be here in 12 weeks time. — How many months 
(of 4 weeks) is that?’ ‘Holidays begin in 14 days. — How many 
weeks is that?’ 

(t?) The learning of division rhymes may also help to fix ideas 
and to increase awareness of the process. These rhymes may be 
invented by the teacher to suit the language of his own area. Here 
are a few in English : — 

‘Six ripe mangoes hanging on a tree: 

If two of us share them, we each have three.’ 

‘Six red peppers shining and new: 

If three of us share them, we each have two.’ 

‘Eight little monkeys sitting on the floor: 

Half of them were brown, the grey ones were four.’ 


‘Ten little fishes, swimming all alive: 

Catch two in each net : the fish-nets are five.’ 
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D — Recording division activities 

When the children are used to the idea of sharing and grouping, 
they begin to understand the meaning of the words used to 
indicate division : for example, share ; divide ; split up ; how many 
are there in? etc. The teacher uses these words in organizing the 
activities and the children use them in talking about what they 
have done. 

Now comes the time for them to do the same activities and 
write down what they do in drawing, words and symbols. The 
teacher shows them on the blackboard how they can put down 
on paper what they have done in their sharing activities. 

(a) The children are asked to share twelve shells among three 
sections of the number-tray. They put four shells in each 
section, and then draw the tray with the shells in it. 

Underneath the drawing the children (if they can) write down : 

‘12 shells. 

3 trays. 

4 shells in each tray.’ 

The teacher then introduces the division symbol. (The children 
are already accustomed to the idea of using symbols in addition, 
subtraction and multiplication.) The children finish off the 
example by writing down: ‘12 -r- 3 =4’. 

( b ) The same example should later be repeated using thirteen 
shells, the result being written down like this: 

J3 shells. 

3 trays. 

4 shells in each tray, and 1 over. 

13 -t- 3 =4, and 1 over. 

(c) Other activities can be recorded in the same way, but they 
do not all require drawing by the children. Gradually the 
children become able to write down the activity straight away in 
arithmetical form. 

(d) We then introduce another way of setting down, by work- 
ing out further examples on the blackboard with the children : 
(i) Without remainder. ‘Share eight pennies among four 
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children.’ The teacher discusses the problem, writes down the 
question, and asks: ‘How many fours in eight?’ The children 
give the answer: ‘Two’. The teacher 
shows where to put the answer. 

(//) With remainder. ‘How many threes 
in twenty?’ The teacher discusses the 
problem and writes down the question. The children use the 
‘number-slide’ to find the answer: ‘It 
goes six times and there are two over.’ 

The teacher shows how this is put 
down. 

The ‘number-slide’ helps the children 
to see that what is left over is the 
‘difference’ between 18 and 20; that is, that subtraction must 
take place to find the remainder. 


2 

4)8 

Each child gets 2 pennies 


6 

3)20 

18 


20 3 — 6, and 2 over 


E — Division examples set by the teacher 
The division activities which the children have been working out 
and recording for themselves may not cover all the division 
‘facts’ required at this stage. It becomes necessary, therefore, 
to select examples, for the children to do, covering all the facts. 
The early division facts are given in List VII. As in multiplica- 
tion, numbers up to twenty-four only have been included at 
this early stage. 

Each lesson the teacher pulh a few examples from this list on 
the blackboard, and the children set them down and work them 
out, using apparatus if necessary. There should be included, 
each time, some examples which give a remainder of one or 
two. This practice helps the children to get used to the way of 
setting down the example and subtracting to find the remainder. 

F — Learning the early division facts 
A stage is reached when the children must learn the division 
facts so that they know them without having to think. Unless 
these facts are known perfectly, children are held up when they 
have to deal with more complicated processes. In many cases 
where children have difficulty with arithmetic, the trouble 
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can be traced back to a faulty knowledge of the division 
facts. 

LIST VII 


EARLY DIVISION FACTS (WHERE THE NUMBER TO BE 
DIVIDED IS NOT GREATER THAN 24 ) 



Following plans like those for the other processes, the early 
division facts should be arranged in selected sets, so that ade- 
quate practice is given on each individual fact, and so that we 
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can find out which children have difficulty with an y particular 
fact. A suggested arrangement of the facts is given in List D. 
There are only eight sets, and only nine facts in each set. It is 
perhaps a good thing that the facts are fewer, since children 
have been found to require more concentration for the division 
process than for the others. (The teacher may obtain further sets, 
for practice-cards, etc., by using the vertical columns of the List, 
although these tend to be ‘random’ rather than ‘selected’ 
sets.) 


LIST D 

THE EARLY DIVISION FACTS* ARRANGED IN EIGHT 
SELECTED SETSf 


Set 

1 

2)72 

— 

4)0 

3)21 

6)6 

6)72 

7)21 

m 


1)6 

Set 

2 

4)1 

3)24 

5)0 

1)7 

2)8 

2)4 

H 


7)T 

Set 

3 

3)72 

1)8 

2)24 

6)0 

3)9 

3)6 

4)12 

8)8 

12)24 

Set 

4 


BUB 


4)16 

7)0* 

6 ) nr 

■■ 

1)9 

3)71 

Set 

5 

10)10 

3)15 

3)3 

2)78 

1)10 

8)0 

5)15 

9)78 

1)3 

Set 

6 




P7 

2)22 

BS 


5)20 

5)1 

Set 

7 

2)6 


2)16 

6)24 

3)6 

2)2 

8)16 

10)0 

4)24 

Set 

8 



1)72 

4)4 

2)74 


12)72 

1)4 

11)0 


* Note — The ‘answer’ of each division, normally a part of the complete state- 
ment of the fact f is omitted in this List, as the teacher does not need it when 
making up groups of practice-cards, etc. 

t Nine further sets are available by making use of the vertical columns of the 
List, though these tend to be random rather than selected. 

There are many ways in which List D may be used by the 
teacher to ensure that the facts are perfectly known. Here are 
some of them: — 
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(a) Division practice cards — These are made so that each con- 
tains one of the sets of facts (Fig. 50(a)). First the children work 
through all the cards* using apparatus if necessary and writing 
down the examples in their books in the way they have been 
shown. 

Next the series is worked through again, this time without 
apparatus. 

Finally the cards are worked through without writing down 


Division 


Set 3 

» o s 

£ 

12 

-f- 

3 


m 


8 


1 


D 


24 

-7- 

2 


B 


0 

— 

6 


B 




3 


B 


0 

-7- 

3 


= 


12 

-7 

4 


= 


8 

-7- 

8 


B 


24 

-f- 

12 


B 

- 


Division 


Set 8 


14 

-7 

7 


B 



-7 

2 


B 


12 

-7 

1 


= 


4 


4 


B 


14 

-f- 

2 


= 


10 

-7 


■ 

1 


12 

-7 

12 


B 


4 

-7- 

1 


B 


0 

•7- 

11 


= 



(a) (b) 

FIGURE 50.— Practice-cards, for division: (a) using apparatus if necessary, the 
child works out the examples and writes them down in his note-book —facts from 
Set 8, List D. ( b ) The child writes his name on the back of a slip of paper, on 
which he then puts down the ‘answers’ only — facts from Set 3, List D 

Suitable size (as before): x Y 

the examples. The answer only is written on a slip of paper 
(Fig. 50(6)), on the back of which the child puts his name. 

Again it is most important that we should keep a detailed 
record of each child’s progress and mistakes (see the suggestions 
on pages 53-5). 

(6) Relating division facts with multiplication facts — The children 
already realize that there is a close connexion between the 
learning of division facts and a previous knowledge of multi- 

* There are seventeen cards altogether, if the teacher uses the nine vertical 
columns of List D as well as the eigl.t horizontal rows. 
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plication. For example, when using the number-slide for 
division they ‘count in groups’ as they do in multiplication. The 
understanding of this relationship helps the children to memor- 
ize the multiplication and division facts together. For instance 
if they know 3 x 4 = 12, they should realize that they also 
know that: 


4 x 3 = 12 
12 -r 4= 3 
12 -4- 3 = 4 

We should bring this to the children’s notice frequently, till 
the relationships occur to them of their own accord. 

front back 


Division Set 9 



12 -r 2 

= 



8 4- 4 

D 



12 -f- 3 

B 



0 -r 2 

B 




B 



22 4- II 

B 



6 4-2 

B 



14 4-7 

= 


■ 


Multiplication check Set9 

o 

6 

X 

2 

B 



X 

4 

B 


4 

X 

3 

= 


0 

X 

2 

B 


| 

X 

10 

B 



X 

II 

B 


3 

X 

2 

B 


m 

X 

7 

B 



FIGURE 51.— A practice-card, for division, with multiplication check — facts 
from the first vertical column of List O. (The child, having written his name on 
the back of the slip of paper, pins it to the card and puts down his ‘answers’. He 
then removes the slip, turns the card over, and compares his figures with those of 
the first column on the back. Similarly, he may check his ‘answers’ in the multi- 
plication facts by comparison with the first column of numbers on the division 

side of the card) 

Practice-cards should be made up which give experience in 
dealing with related multiplication and division facts (Fig. 51). 

The children can correct their own answers by turning over 
the card, if it is pointed out that the answers to the examples 
on one side of the card are the first numbers in the examples 
on the other side. 

(c) Practice-cards with remainders — To give the children further 
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Division Set 21 


Sometimes there is 
a remainder 


■ o " 

24 - 

- 5 

= 



7 - 

- 2 

— 



16 - 

- 8 

= 



10 - 

- 3 




20 - 

- 9 

== 



14 - 

- 2 

= 



13 - 

- 4 

= 



9 - 

- 2 

= 




FIGURE 52. — A practice-card, for division, including remainders 


Division by Two 

" ° 1 

10 - 

- 2 

= 

6 - 

- 2 

= 

12 - 

- 2 

= 

8 - 

- 2 

=: 

0 - 

- 2 

= 

2 - 

- 2 

= 

4 - 

2 

= 

14 - 

2 

= 

20 - 

2 

= 

18 - 

2 

= 

24 - 

2 

= 

16 - 

- 2 

= 

22 - 

- 2 

i 

= 


FIGURE 53.— A practice-card, for division related to a particular 

multiplication table 
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practice in learning the facts, and in setting down the working 
when a remainder occurs, special practice-cards should be made 
up. (These can still be based on the sets in List D, but some of 
the numbers to be divided should then be increased so that a 
remainder sometimes occurs.) Each card should contain a 
mixture of examples with and without remainders (Fig. 52). 


The ‘20’ Division Card 

iH' 

20 - 4 

= 

■ 


= 

1 

20 t 2 

= 

■ 

20 10 

HI 



M G U R l£ 54. - A grouping-card -a practice-card for division of certain 
numbers into equal groups in different ways 

(d) Other practice-cards — There are other practice-cards which 
may be used for particular purposes: — 

(/) Cards such as that in Fig. 53 can be made up, relating the 
division examples to a particular multiplication table. In the 
example shown, the ‘table of twos’ has to be remembered, if the 
division examples are to be done quickly. 

(ii) Grouping-cards (Fig. 54) can be made, giving further 
emphasis to, and practice in, recognizing related facts (see 


Use the ‘24' Slide 

o 


Size 
of strip 



24 - 

SB 

= 


24 - 

D 

= 


24 - 

H 

H 


24 - 

12 

H 


24 -- 

3 

ill 


24 - 

8 

H 



HGURE 55. — A ‘mcasuring-card’, for use with number-slide and 

measuring-strips 
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page 102). At this stage five cards only of this kind are appropri- 
ate, namely the ‘12’, ‘16’, ‘18’, ‘20’, ‘24’. From this practice the 
children begin to realize that certain numbers can be split up 
into equal groups in a variety of ways. For example twenty 
objects can be split up into: 5 groups of 4; 4 groups of 5; 2 
groups of 10; 10 groups of 2. 

(Hi) Measuring-cards (Fig. 55) make use of the ‘number-slide’ 



FIGURE 56.- The ‘24’ number-slide, 
with runner and measuring-strip. (The 
runner, or cursor, may be moved up or 
down the slide to cut off the number 
series at any given place. Here it is 
shown cutting off the ‘1 5', and the 
child’s problem is: ‘How many 3’s “go 
into” 15?’) 

Sec page 469 for a description of the apparatus 


(Fig. 56 shows the ‘24’-slide), and numbered strips of various 
sizes, to give a similar kind of practice in recognizing related 
facts. The child decides which number the card is asking him to 
consider for dividing in various ways. (In Fig. 55 it is the number 
24.) He then finds the right size of measuring-strip and ‘measures 
off’ along the number-slide. (For the number 24, the child does 
not need the runner of the slide, but for smaller numbers he 
uses it as shown in Fig. 56.) 
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(e) Self-corrective flash-cards — Exactly as in addition, sub- 
traction and multiplication, flash-cards (Fig. 57) are used to 
give the children further pleasurable repetition of the division 
facts through games and other activities, such as those des- 
cribed in detail in Chapter XV. 

The teacher should use this opportunity for putting right the 
mistakes commonly made by the children. For example, he 
arranges for children to play flash-card games, using the par- 
ticular division facts of which they are not sure. 

(/) Oral class-activities — Regular short periods when the whole 
class responds to the teacher’s quick questioning on the division 


front 
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(b) 

F I Ci URE 57. -Self-corrective flash-cards (division) 

{b) process type 

Suitable size (as before): 3' x 2' 


(a) equation type; 


facts are valuable as a means of revision. But we should re- 
member that, when taking oral work with a whole class, there is 
often a tendency to overlook some of the ‘facts’, while others 
are practised unnecessarily. All the facts should be given 
attention. 

We should also make good use of anything that happens 
during the day which may be thought of as an example of 
division. For instance, the class may be splitting up into sets of 
four for ball-play. We say: ‘There are twenty-four children in 
the class. How many balls do we need? We have to divide 
twenty-four by four?’ An actual example from a class room 
further illustrates the point. (The children had begun to deal 
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with higher numbers.) A box had broken open at the side 
showing six layers of crayons. The lid of the box indicated that 
there were seventy-two crayons in the box altogether. The 
teacher showed this to the class and said: ‘Look, there are six 
layers and there are seventy-two crayons in the box altogether. 
Who can tell me how many crayons I shall find in the top 
layer?’ — ‘Twelve?’- ‘All right, let us see. You are right. How 
did you find out?’ 


G — ‘‘Problems' — the importance of words as well as figures 

Some children are able to divide numbers accurately, yet find 
great difficulty when the division process is clothed in words; 
that is, when it occurs in ‘problem’ form. The remarks about the 
other three processes (pages 60, 74 and 89) apply equally here. 

The ability of children ‘to do division in words’ depends to a 
considerable extent upon whether, from the beginning, they 
understand and become used to the language of division. The 
experiences described in this chapter help them to get the neces- 
sary understanding, since they talk and write about, and deal 
with, actual situations involving division. 

We should make sure that these experiences arc continued 
throughout the work, particularly at the stages where much of 
it is of a mechanical nature. Regular practice should be given, 
through talking, drawing and (a little later) writing and reading, 
so that the children get plenty of opportunities to interpret the 
words and phrases which indicate that they must divide. 

Hence, from the start, we should give little ‘problems’, at first 
orally and later through drawing and writing. For example: - 

(/') Take twelve counters from your box. Split them into three 
equal groups. Now draw what you have done. Write it down in 
figures. 

(/'/) There are fifteen fish in a pot. Draw three small dishes and 
put an equal number of fish in each. Write down what you have 
done in figures. 

(iii) I have twenty-four young fruit trees. Draw a garden with 
the trees planted in four equal rows. Write down what you have 
done in figures. 
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At first, of course, the teacher works through such examples 
with the class. 

The ‘problems’ should be real to the children, so we should 
try to take our examples from everyday affairs and things the 
children know. We should miss no chance of pointing out an 
example which may arise during other lessons or activities. 

This kind of constant practice helps children to get the idea 
of dealing with spoken or written problems systematically. They 
begin to see what method they should adopt and what arith- 
metical process they must use to find the answer. 

In this chapter some reasons are put forward for the fact that 
many children seem to have greater difficulty in grasping the 
idea of division than they have with earlier work. Ways of 
helping them to understand are discussed, and suggestions are 
made for increasing their experiences of division. It is shown 
how, through varied activities, children meet, work out and 
learn the early division facts, and then relate them to the early 
multiplication facts. 

The teacher is advised, throughout, of the importance of 
giving children practice in the use of division facts in everyday 
situations and in little ‘problems’ put into >vords. 

The value of thorough knowledge and understanding of the 
work at this stage becomes obvious when children go on to the 
division process described in Chapter XIV. 



CHAPTER IX 


BEGINNING TO DEAL WITH MONEY 

A — The child's first ideas of money 

For most people money has value only in terms of the goods it 
can buy. It is therefore natural that a child’s first ideas of coins 
as money come through shopping activities. (Some children, of 
course, have the opportunity to handle coins before they know 
anything about their value. Perhaps they play with them, as 
counters which make a pleasant tinkling noise when shaken 
together.) 

Coins are sometimes used in the home to help the child with 
early counting activities, but it is not till later that the child 
realizes that they have value in terms of goods and services. He 
finds that his parents, or older brothers and sisters, can get 
many necessary and sometimes exciting things by handing over 
coins to somebody in a shop or in the market place. In some 
places the child begins to realize that by giving up a coin he can 
go for a ride in a train, bus, lorry or car. He may sometimes 
watch workmen being paid in coins for the work they have 
done. 

He notices later that, in exchange for a coin, the grown-ups 
sometimes get several other coins in addition to the goods they 
are buying. He learns that this is called ‘change’. Through this 
experience he gradually comes to realize that coins have value 
in terms of other coins and he is led to notice the differences 
between the various kinds: in size, colour, shape, pattern, 
weight, and kind of metal. 

B — Early experiences with money in school 
We must build upon these pre-school experiences by providing 
many and varied activities in which money can be used and dis- 
cussed. In some areas the work will be much easier for teacher 
and children because the coinage is simple. In countries which 
use dollars or francs, for example, there should be no great 
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difficulty. In other countries (for example, Britain) the coinage 
is complicated and requires very careful teaching at the early 
stages. British coinage is therefore taken as the example in the 
whole of this chapter. But the same principles and ideas should 
apply in areas where other coinage is used. (The sole difference 
is that their application is much easier !) 

(/) The need for a practical approach 

The business of earning and spending money is a very important 
part of the life of most communities. It affects people’s work, 
leisure and games, their possessions, their thinking and their 
expressed opinions. Teachers get the best response from children 
when the work in school is linked closely with the life of the 
community outside the school, in village or town. If children 
are to get a proper understanding of how to deal with money, 
the early work must be practical. Class-room ‘shops’ should be 
arranged, so that the children can imitate the grown-ups by 
‘playing shop’. It is best to use real coins, but, as this is often 
impossible in school, model coins are essential. Money calcula- 
tions on paper have no meaning unless the children have begun 
to see that the numbers represent actual coins which can be 
used to buy things. 

Here are descriptions of various types of class-room shops. 

(а) The open market — The ‘goods’ are arranged on the floor and 
the shopkeeper sits among th;m (Fig. 58). 

(б) Simple models of shops in town or village — (/) The ‘goods’ are 
displayed on a table. Wooden pieces are fixed to the sides to 
act as a frame for a coloured or painted screen (Fig. 59), which 
may be made of cloth or paper. 

(//') In the folding-frame (‘clothes-horse’) type (Fig. 60(a)), a 
piece of wood (or a number of poles) is fixed across the two 
hinged ends to act as the shop counter. This type of ‘shop’ is 
readily folded up and so can be stored easily. If no counter is 
available, hooks may be fitted into the woodwork (as in 
Fig. 60(6)). The ‘goods’ can then be hung from the hooks. 

(c) Large pictures of shops — Sometimes the class room is too 
small to hold a ‘shop’. If this is so, a ‘shop’ can be drawn and 
painted on stiff cardboard (Fig. 61). Slots are cut in the card, 
and the pictures of ‘goods’ are placed in these, with prices 



112 


TEACHING OF ARITHMETIC 


attached. When children come to ‘buy’, the shopkeeper (an- 
other child) takes a picture from the slot and ‘sells’ it. 

(d) Display of goods or pictures of goods — This is often a suitable 
arrangement if there is plenty of room for the children to walk 



FIGURE 58. -The ‘open market', for children’s 'shopping' activities. (Objects 
and prices must be suited to the neighbourhood of the school) 


around. Before the lesson the teacher, helped by some of the 
children, puts the ‘goods', with prices attached, in various parts 
of the class room. Some ‘goods' or pictures may be placed on 



FIGURE 59. -The ‘tabic shop'. (Articles and prices should be suitable for 

the children) 

a shelf, some in an empty corner; others may be hung on hooks 
on the wall, or pinned to the back of the door. 
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When the lesson starts each child is given a card bearing the 
name of an article (or articles) that he must ‘buy’, and some 
money (real or model). Each child then moves around the class 
room, finds the article or picture, takes it to the teacher, and 
‘pays’ the proper price for it. 

It is wise to make ‘shopping’ as attractive as possible to the 
children. We should try to give variety and interest by changing 
the ‘goods’ in the ‘shop’ as soon as they become dirty, un- 
attractive or out-of-date. Sometimes the children themselves can 
make the articles which are ‘for sale’. They can make models 



FIGURE 61.— The ‘slottcd-picturc shop’. (The ‘shop’ is drawn or painted, and 
pictures of common articles at suitable prices are titled into the slots) 


of bread, pieces of meat, and sweets, for example, from clay 
suitably hardened and painted. They can make simple toys from 
wood, and wrap up packets of sand to resemble sugar, grain, or 
any local foodstuffs. 

There is great educational value, too, in allowing the children 
to set up the ‘shops’ themselves and to act as shop-keepers or 
assistants. In this way they increase their vocabulary and their 
experience of number. 

The articles to be bought, and the prices to be paid for them, 
in market-place or shop, vary greatly from country to country, 
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district to district, season to season, and so on. We should 
always make sure that our examples are suitable. The articles 
mentioned must be familiar to the children: that is, they must 
be the kinds of things which can be bought locally. The prices 
mentioned must be, as nearly as possible, those which are being 
charged at the time of the lessons. Otherwise children are likely 
to regard the examples as silly, and so pay little attention to 
them, or even to find them meaningless. Thus the examples 
given here (or, for that matter, in any book) should be changed 
to suit the particular school and neighbourhood — though, of 
course, the level of the work should remain exactly the same. 
This means that the teacher must constantly revise the examples 
he uses, while making sure that they illustrate the principle he is 
teaching and that they are at the right level. Only in this way are 
the children likely to develop real understanding, so that, later 
on, they become able to apply their knowledge to situations with 
which they may not be familiar. 

(2) Using the ‘ shops' 

(a) Recognition of coins — We should make sure that the children 
are able to recognize, eventually, the names and values of all 
the common coins in use in their area. But we cannot expect 
this recognition all at once. The children gradually come to it 
through experience in ‘shopping’. (Children who, from an early 
age, are used to real markets or shops, learn very quickly.) 

In the very early stages the children use only one type of coin 
to make their ‘purchases’, so that they get plenty of practice in 
recognizing it and using it. Real coins are best, of course, but, 
if these are not available, good cardboard imitations should be 
bought, or made, by the children. Another way to help 
children to recognize coins by their shape and markings is to 
show them how to make coin-rubbings. A real coin is placed 
under ‘yellow’ or ‘silver’ paper, and the children scribble over it 
in pencil. Then they rub gently till the markings of the coin show 
through. The ‘rubbing’ is later labelled with the name of the 
coin. When the children have met several different coins, they 
should be given matching activities with the matching-tray 
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(Fig. 62). Coins are placed in one row of sections of the tray and 
the children have to find the correct symbol-card and name-card 
for each coin. 
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FIGURE 62.- -The number-tray, used for coins with symbol- and name- 
cards. (See Fig. 1, page 23) 


( b ) Recording purchases — To begin with, the children ‘go 
shopping’ for one article only. They take the exact number of 
coins, or a card on which this number of model coins is pasted. 
They make the ‘purchase', and then go to their seats and draw 
what they have done in their note-books (Fig. 63). Later they 
are asked to ‘buy’ two articles and to find how much money 



FIGURE 63.— The child's exercise-book record of ‘shopping’ activities 

they need. They draw the two articles, with the price by the 
side of each, and add up to find the total money required to 
‘buy’ them (Fig. 64). In these ‘purchases’ they always use the 
same kind of coin. They do not use a mixture of different 
kinds of coins. 
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(c) Buying with ‘ mixed' coins — When the children have been 
introduced to another type of coin, and know its value, they 
should begin to make ‘purchases’ with two different coins. For 



FIGURE 64. — The child’s first recordings of addition of money 

example, they may be given a sixpence and a penny and told 
to go and ‘buy’ one article which costs sevenpence. These 
‘purchases’ are put down in their books in the usual way (as an 
addition), but the total amount, at this stage, should not exceed 
two shillings. 

(</) The idea of' getting change ' — The previous work should have 
given the children some experience of thinking of the value of 
coins in terms of other coins. For example, the name ‘sixpence’, 
and the purchases made with additional pennies, should have 
given them the idea that the sixpence (though probably smaller 
in size than a penny) is equal in value to six pennies. These ideas 
become more obvious when the children begin to make ‘pur- 
chases’ of ‘goods’ whose price is less than the value of the coin. 
That is, when they begin to get ‘change’. For example, they take 
one sixpence to ‘buy’ something priced at fourpence. They find 
that, in addition to the article, they get two pennies ‘change’. 
The transaction is again recorded in their books, this time as a 
subtraction example (Fig. 65). This means they have to learn 
exactly what each coin is worth in terms of other coins. The 
children can be helped to learn this not only through ‘shopping’ 
experiences, but by other activities, arranged by the teacher, such 
as the following: — 

O') The children each have a box of coins (real or imitation), and 
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they use the matching-tray to carry out the teacher’s instructions. 
The teacher says, for example: ‘Put a shilling in each part of one 
row in your tray. Now, find three different ways to make up a 



FIG U R E 65. —The child’s first record of ‘getting change’ (i.e. a simple example 

of subtraction in money) 

shilling, first using pennies, then three-penny pieces and then 
sixpences (Fig. 66). 

(ii) The children are given boxes of coins and individual cards 
(Fig. 67). They have to make up the various amounts stated on 
the cards, using the coins available. 

(Hi) Two children take charge of the class 'bank'. They have a 
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FIG UR t 66.— The number-tray, used for equivalent coins. (See Fig. 1) 


pile of money in front of them on a table. The other children 
each come in turn with a coin to get it changed. They then 
write down what they have done, for example, ‘I changed a 
shilling for two sixpences.’ 

As the children become accustomed to the idea of getting 
change, they should be encouraged to set down their work as 
simple subtraction examples. 
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(e) Simple multiplication — During the shopping activities oppor- 
tunities will arise for ‘buying’ a number of articles at the same 
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FIGURE 67. — A ‘money-card’— the use of ‘mixed’ coins to make up 

given totals 

Suitable size: about 10' x 10" 


price: for example, ‘five eggs at twopence each’. This leads to 
simple multiplication examples which are set down as shown 
here. 


(/) Simple division — Similarly, I 
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‘4 for a shilling’. They have to 

‘buy’ only one of these articles, so they must work out the price 
for one. They do this in their books before making the purchase 
(Fig. 68). 

(g) Use of shopping-lists and practice-cards — As with the learn- 
ing of number-facts (Chapters V to VIII) we should organize 
the children’s practice in dealing with money so that all possible 
amounts (up to two shillings) are covered. It therefore becomes 
necessary to prepare shopping-list cards and practice-cards, so 
as to direct the children’s experience. Some suggested types are 
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shown in Figs. 69 and 70. They are used in the same way as 
those described in previous chapters. 



FIGURE 68.— The child's first record of di\ ision of money 


In this early work on money the children are getting the idea 
of using money in shopping activities. They gradually come, 
through this experience, to realize that different coins have 
different values. Later they are introduced to the idea that some 
coins can be ‘changed' for numbers of other coins and they 
learn how to make the simple kind of calculation needed in 
shopping. 

In Chapter XVI it is shown how the children can make use 
of the ideas and information they have gained to work out 
examples in which larger sums of money arc involved. 

Note — The principles of this chapter apply to any system of currency. As stated 
in section B, the British system is more complicated than most. This makes it 
comparatively easy for a teacher to adapt the details and examples of the principles 
and methods to the money of his own country. 
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(/>) addition and subtraction (‘change’); (c) making out a simple bill 
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CHAPTER X 


LEARNING TO MEASURE*— LENGTH, 
WEIGHT, CAPACITY, TIME 

A — Pre-school experiences 

Before children begin their schooling they may have acquired 
a good deal of information about measures and measuring. In 
the ordinary everyday happenings of the home, in town or 
village, they meet situations, and listen to words, indicating that 
measurment of some kind is involved. It is upon these experi- 
ences that we eventually build the children’s ability to measure, 
and to calculate measurements in, length, weight, capacity and 
time. Teachers should therefore know about these pre-school 
experiences of their pupils. 

In the home, and when going about with parents and brothers 
and sisters, the child may come across the use of actual measure- 
ments of length. For example, he may see workmen on a build- 
ing, hear them discussing the length of timber needed for a 
particular job, and then see them cutting it to the right length. 
But the language he hears is usually concerned with comparisons, 
not with actual measurements. He learns the meanings of ‘long’, 
‘short’, ‘longer’, ‘shorter’, when sticks, planks, distances or 
animals are being compared: ‘That snake is longer than the 
other.’ He learns the meaning of the words ‘high’ and ‘low’ 
when the grown-ups talk about the levels of the river at various 
seasons, about the height of mountains, buildings and trees. 
When his parents and elders talk about going on a journey he 
begins to understand the meaning of the words ‘near’ and ‘far 
away’. He is personally interested in discussions about his own 
height as compared with that of other children. 

He sees the cow or goat tethered to a post and hears his father 
say that the rope must be made shorter because the animal is 

• In this and later chapters on measurement, the measures described and dealt 
with are British. In areas where measures are different, the teacher should make 
the necessary changes to apply the principles, which remain the same. 
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wandering too far away. He knows then that by cutting or 
breaking the rope it can be made ‘shorter’. He finds, too, that 
things can be joined together and made longer. This is par- 
ticularly important to him if he finds that with a longer stick 
he can reach something which has been previously ‘out of 
reach’. 

The child’s pre-school experience of weight depends very 
much on the area in which he lives. In towns and places where 
there are shops and regular markets, the child learns from 
watching his mother or father do the shopping for the family. 
He may hear them ask for pounds, ounces, hundredweights, or 
similar weights of produce, and he may know what these 
weights look like in grain, food or metal. In some places he may 
see some of the standard weights used by the shop-keeper on 
the scales. 

But in many areas a child’s pre-school experience of weight is 
almost entirely limited to understanding the meaning of words 
used by his family: ‘heavy’, ‘light’, ‘heavier’, ‘lighter’. He may 
hear the words ‘too heavy’ when loads, such as sacks of com or 
cocoa, or bundles of wood, are to be carried or lifted. He may 
also hear his family talking about animals gaining in weight when 
they are healthy, or losing in weight when they are sick. He can 
only give meaning to these words of weight by using his own 
muscles to pick things up and carry them about. He finds that 
he cannot always trust his eyes to tell him whether a thing is 
heavy or light. His muscle-sense alone can tell him that. 
Gradually he comes to know the big thing which is light (such 
as an empty box) and the small thing which is heavy (such as a 
piece of metal). 

Few children gain much knowledge of the standard measures 
of capacity until they have been at school several years. And yet 
from their earliest years children are fond of experimenting with 
all sorts of materials which later help them to understand these 
measures. They enjoy playing with water, mud, sand and clay, 
using any kind of container they can find. They spend long 
periods doing no more than pour liquid or dry material from 
one container into another. In their play they begin to use 
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words which indicate capacity: ‘tinful’, ‘bottleful’, ‘bucketful*, 
‘spoonful’, ‘basketful*, ‘armful’, ‘half full’, a ‘few drops’. In 
many places where water supply is a very important matter, they 
hear a great deal of grown-up talk about wells, storage-tanks, 
water-pots, etc. Sometimes they may see ‘sheep-dip’ being pre- 
pared by an agricultural officer who talks about pints and 
gallons. Drums of kerosene or petrol, marked with a number of 
gallons or litres, may also be familiar in some areas. 

Ideas about time come very slowly to young children. That is 
why most teachers delay teaching it in school until the other 
measures have been dealt with. (Perhaps it is also the reason 
why the study of history is not usually recommended for young 
children : they are unable to grasp the mental idea of time.) But 
it is as well to remember that, when we do teach children about 
time measures, and expect them to ‘tell the time’ and calculate 
time periods, we should still base our teaching upon under- 
standing. This understanding depends upon the children’s ex- 
perience in the home and in their early school years. The child 
soon learns about day and night, and gradually he comes to know 
what his parents mean by ‘wet season’, ‘dry season’, ‘summer’, 
‘winter’, ‘monsoon-season’, etc. He begins to notice the apparent 
movements of the sun and the moon. ‘Yesterday’ and ‘tomorrow’ 
are often confused at first, but he soon knows about meal-times 
and bed-times. He is aware of the regular comings and goings 
of his family in their work at certain times of the day. He cannot 
easily sec the difference in the ages of the people he meets, but 
it is not long before he recognizes the difference between ‘old’ 
and ‘young’. By the time he is ready to attend school he knows 
what is meant by ‘quick’ and ‘slow’. The learning about measure- 
ment of time should be built up from such early knowledge. 

B — Learning to measure lengths 

(a) Early activities — In their early arithmetic activities in school 
children learn to count. This counting may sometimes take the 
form of counting the number of steps they take in crossing the 
class room or the playing-field. They gradually come to realize 
that the distance from one point to another can be thought of 
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as a number of paces. Later the teacher introduces the children 
to the idea of using other ways to measure distances. For 
example the children may use their feet (from heel to toe), or 
they may use the span of one hand, as two convenient ways of 
measuring a short distance. They may be shown how to measure 
the length of a wall by using as a unit the distance from finger- 
tip to finger-tip when the arms are outstretched. This can be 
varied by using the distance from the tip of the nose to the 
finger-tip of one extended arm. 

( b ) The need for standard units — During these activities some 
of the children find that they get different results from each 
other, even when they are carefully measuring the same distance. 
For example, one tall child says that the length of the room is 
ten paces, while a smaller child says it is twelve paces. Again a 
small child is asked to measure a shorter distance (for example, 
between the teacher’s desk and the door) by using the length of 
his own feet (heel to toe). The class count the number of ‘feet’ 
as he goes. Next another child with bigger feet measures the 
same distance. Their answers are found to be different. 

The teacher should use these situations to show the children 
that, if quarrels are to be avoided, they must agree to use the 
same unit of measurement. They are told that men long ago had 
the same difficulty and came to an agreement to use the length 
of a man’s foot. Since the man’s foot was not always available, 
it was found necessary to use pieces of wood, sticks, metal, etc.. 
of the same length as the man’s foot. 

(c) The foot — The children are now shown several pieces of 
wood, cardboard, etc., each measuring a standard foot and are 
told that each of them is the agreed length and is called a foot. 

The children are now given an unmarked foot-stick* and 
told to measure lengths in and around the class room. When 
they are accustomed to handling the ‘ruler’ they should be 
required to write down in a ‘measuring book’ what they have 
done (Fig. 71). It is a good plan at this stage to introduce the 

• It is unwise to let the children use an ordinary foot ruler, at this stage, 
because most types of school ruler are a little more than a foot long. Moreover, 
some children become confused by all the figures and sub-divisions on the 
01 dinary ruler. 
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idea of ‘guessing’ a length before measuring it. The children 
enjoy this because they are competing against themselves. It 
also leads to an ability which later proves very useful in every- 
day measurement: to be able to estimate with some accuracy. 




FIGURE 71.— A child's ‘measuring book* 


It is enough, in these early stages, if the children measure 
lengths ‘to the nearest foot’. The teacher tells them not to worry, 
to begin with, if there is a bit over. He also tells them that if, 
for example, a length is nearly four feet, it should be counted 
as a full four feet. 

(d) The inch — But it is not long before the children themselves 
begin to be dissatisfied with measurements to the nearest foot. 
They begin to complain : ‘there is a bit over*, or ‘it is not quite 
long enough to be a foot’. This is the time for the teacher to 
introduce a foot-stick with inch markings (Fig. 72). If children 
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FIGURE 72. — ‘Foot-sticks’ marked in inches: (a) in wood or cardboard; 
(b) in cane with notches 

have already used the ‘number-slide’ for their early number 
activities (Chapters IV to VIII), they are already familiar with 
the idea of strips of various lengths representing numbers. The 
teacher now introduces the word ‘inch’ and the children dis- 
cover by counting that there are twelve of them in the foot- 
stick. They now go on to measure smaller things to the nearest 
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inch, making a record in their books (together with the measure- 
ment previously guessed). 

Teachers often find that confusion is caused because the 
lengths chosen for measurement are not an exact number of 
inches. To introduce fractions of an inch, at this stage, may 
make matters worse. It is wise, therefore, to select, for the 
children to measure, objects which are an exact number of 
inches. If this is not possible, the teacher should prepare cards 
(sheets of paper will do), on which lines of selected lengths have 
been drawn. The children are required to guess the lengths of 
the lines and then measure them (Fig. 73). These cards are very 

Guess these lengths. 

Then measure them. 

A 

B- 


D- 



FIGURE 73. — A ‘measuring card’. (Each line is a whole number of inches, so 
that the child does not have to worry about fractions) 

convenient because the teacher can keep a list of the answers. 
Another valuable piece of apparatus, for measuring practice, 
consists of square and oblong pieces of cardboard (enough to 
give each child one piece). The cards are each marked by a 
capital letter and the children have to find the length and 
breadth of each piece in turn (Fig. 74). They can also find the 
distance round (we do not talk about the perimeter at this stage), 
by adding. This apparatus should be stored, as it is very useful 
when the children are introduced to area. 

If children co-operate in groups, they can use their rulers to 
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measure longer objects, afterwards writing down lengths in feet 
and inches. For example, they write: ‘Length of desk = 2 feet 
6 inches.’ Three children working together and using rulers 
marked in inches may write down the length as ‘30 inches’. In 



FIGURE 74.— Square and oblong cards, for measurements in inches 


this way they begin to see, through experience, the relationship 
between two units of length-measurement, and to learn how to 
change one unit into another. 



FIGURE 75. — A wall scale, marked in feet and inches ^Children find their 
heights to the nearest inch) 
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Children are very interested in the measurement of their own 
bodies. By working in pairs they can measure each other. The 
teacher should fasten a strip of marked paper or cardboard to 
the wall at a convenient height, so that the children may read 
off each other’s height to the nearest inch (Fig. 75). The informa- 
tion should be kept in each child’s personal book and added to 
as he grows older* (Fig. 76). The measurements may include, 
also, the length of the child’s foot, and span of his hand, the 
distance from the finger-tip to finger-tip with arms stretched out 
sideways, the distance from the tip of the nose to the finger-tip 
of one arm extended sideways, the distance from the elbow to 
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FIGURE 76.— The child's record of his height (and other measurements) 


the tip of the finger, the length of an ordinary step, the length 
of a stride, the measurements round the waist and the chest 
(using a piece of string or rope). 

(e) The yard — When the children begin to measure longer 
distances, for example the length of a wall, the length of the 
playground, they find that the foot rule is not very satisfactory: 
the number of times they have to use it is so big that they forget 
the total. This is the time for the teacher to introduce the yard 
measure. A yard-stick made of wood (or cane) is shown to the 
children (Fig. 77(a)) and the teacher demonstrates how much 
more convenient it is for measuring longer distances. The yard- 
stick is then compared with the foot-stick and found to be three 

* This information is very useful later for an introduction to graphs (see 
page 427). 
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times as long. It is also compared with the teacher’s own stride 
and found to be about the same. 

The children are given practice, as before, in measuring in 
yards and writing the work down in their books. (Attempts at 
accurate guessing should be made before each measurement.) 
Later the children find it necessary to measure the ‘bit over’ by 
using their foot rulers and perhaps to be even more accurate by 
measuring to the nearest inch, though this is neither necessary 
nor desirable for most children at this stage. The more able 
children may make an entry in their books like this: ‘Length of 
room = 5 yards, 2 feet, 9 inches’ ; and some may make a folding 



FIGURE 77. — Yard-sticks: ( a ) A stick, marked in feet only, (b) A folding type: 
three ‘foot-sticks' (thin wood, or cardboard, strips) ‘hinged’ by cloth or soft 

leather; marked in inches 


yard-measure by fastening three of their foot-sticks together 
with thin leather (Fig. 11(b)). 

When longer distances are to be measured (for example, the 
school playground or compound) the teacher should show how 
a ball of string (or rope) can be made into a useful measuring 
instrument by firmly tying or sewing a piece of coloured material 
(wool or thin string) at every yard along the string. This 
apparatus also proves valuable for later measuring activities 
(see Chapter XVIII). 

In all this work the children are learning, as before, through 
activity and experience, to see the relationship between the 
various units. They can now write down their longer measure- 
ments in two ways. For example: 

‘The length of a wooden pole is 4 yards or 12 feet’ 

‘The length of the path is 5 yards and 2 feet or 17 feet’ 

‘The width of a stream is 12 feet or 4 yards’ 

‘The length of a fallen tree trunk is 37 feet or 12 yards and 

I fnnt* 
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The teacher should, throughout, be helping the children to 
associate this work with the facts in the table of threes just as he 
associated inches and feet with the early facts in the table of 
twelves. 


C — Learning to measure weight 

The early work in school is concerned with giving further ex- 
perience in learning what is meant by the words which indicate 
the idea of weight. Even in areas where the children do not get 
the opportunity to see shop-weights, they have heard the grown- 
ups discuss the weight (heaviness, lightness, etc.) of various 
things and they themselves have used ‘weight’ words when 
carrying things about. 

The school has to help the child to make his own judgements 
about weight, so that he can use this judgement in his everyday 
life while at school and when he has left school. He is not 
helped to do this by being shown how to work difficult calcula- 
tions in weight (an ability which is very rarely needed). He is 
helped by being given plenty of practice in comparing the 
weights of objects so that he can eventually make fine distinc- 
tions between them. It is suggested that this can be done in two 
ways: 

(a) By handling — It must be remembered that our usual method 
of comparing the weight of two objects is to pick them up and 
use our muscle-sense to tell us which is the heavier or lighter. 
Children can practise this as a game, with their eyes closed, until 
they are able to ‘feel’ accurately even small differences in the 
weights of two objects. The game can also be played by guessing, 
and writing down which of a pair of objects is thought to be the 
heavier, by looking at them before picking them up to prove il 
the guess is right. Another game which children love to play is a 
‘pretending’ game, in which they come in turn to the front of the 
class and show by the positions of their hands and arms, and by 
the looks on their faces, what kind of object they are pretending 
to carry. For instance one child may stagger around ‘holding’ 
a heavy bucket of water in one hand and an empty one in the 
other hand. Another child may pretend to have a feather on the 
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palm of his hand and to blow it in the air. In this way they gain 
a greater sensitivity in the use of their muscles, which helps in 
guessing weight. 

(b) By using scales — It is easy to make a pair of scales with 
which children can compare the weights of small objects. Every 
class room should have this simple piece of apparatus (see 
page 473 for details for making). With scales the children can 
‘see’ which is the heavier of two objects, without all having to 
handle them. To begin with, they do not use standard weights. 
They merely ‘weigh’ one object (or group of objects) against an- 
other. Then they should be introduced to the idea of 'balancing'. 
For example, they might put a stone in one scale and then try 
to ‘balance’ it with a quantity of sand or soil. They should be 
encouraged to do this with all kinds of material — grain, beads, 
clay, wood, etc. 

They find that sometimes a very small piece of material (for 
example, metal) has to be balanced by a considerable quantity 
of other material such as paper or cardboard. This discovery 
eventually leads to the idea of standard metal weights, such as 
those used in shops, which can be used for weighing exact 
quantities of other materials. It is probably best with children 
to introduce the pound * as the first standard measure. It has 
the advantage of being easy to handle and of being more widely 
used than ounces in trade and commerce, and therefore is more 
likely to be met in everyday life. 

In towns where shops are plentiful we should try to get 
several metal pound-weights which the children can feel and 
handle. In other places we may have to make pound-weights, by 
using a small bag filled with the proper weight of beans, pebbles, 
sand, etc., and tied or sewn carefully so that the contents do not 
fall out when the bag is being used. The bag should be clearly 
marked with the sign ‘1 lb.’.f 

• The pound, of course, is a British standard measure. In areas where measures 
are different, the teacher should decide which of his own weights he should intro- 
duce first. For example, in areas where the metric system is used, the kilogram 
may well be the first weight to be introduced. 

t The short way of writing down one pound is *1 lb.\ In Roman times the 
words for this kind of weight were libra pondo. The modem word ‘pound’ comes 
from the second word of this phrase. The short form ‘lb.’ comes from the *1* and 
the 4 b’ of the other word, 'libra'. 
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The children should get plenty of practice in using these 
pound-weights with the home-made scales. They should measure 
out, by balancing, exact pounds of all kinds of materials. They 
enjoy the activity more if they can put the material in packets 
(made of paper or leaves), which can later be ‘sold’ in the class- 
room ‘shop’ (see page 111). 

In this kind of activity the children soon come to a situation 
where they need to weigh objects less than a pound in weight. 
They may be ‘selling’ sweets or biscuits in the ‘shop’ and find 
that they need a smaller weight than the pound. This is the time 
for the teacher to introduce the ounce-weights. These should be 
of metal, if possible, but small bags (filled with beans, sand, etc.) 
weighing an ounce, and suitably marked ‘1 oz.’,* may be used 
instead. 

The teacher demonstrates, using the scales, that sixteen of 
these ounce-weights balance one pound. The children should 
practise this so as to establish the fact for themselves. All kinds 
of small objects should be weighed using ounce-weights. Later 
the children should be given opportunities to weigh objects 
using both pounds and ounces. They should write the work 
down in their books, as they did when measuring length. For 
example: 

‘The weight of a yam = 1 pound, 13 ounces' 

‘The weight of a box of sugar = 2 pounds, 4 ounces’ 

‘The weight of a parcel = 8 ounces’ 

‘The weight of five bananas — 1 pound, 2 ounces’. 

At this early level the children do little more than gain ex- 
perience of the measuring of weight. They learn, through using 
them, about two of the important standard measures of weight, 
and they are now better able to guess and compare the weights 
of small articles and objects in their everyday lives. If spring 
balances are used in the school or neighbourhood, they should 
be demonstrated to the children. 

The work described in Chapter XIX goes on to deal with 
fractions of a pound and the larger units of weight needed in 


The reason for the short form ‘oz.’ is discussed on page 323. 



134 


TEACHING OF ARITHMETIC 


industry and agriculture: the stone, the quarter, the hundred- 
weight, and the ton. 

D — Learning to measure capacity 
As part of the play activities which should always be en- 
couraged during the child’s early years at school, some time is 
spent in filling and emptying various receptacles with water, 
sand and other materials. Grown-ups may think that in doing 
this the child is wasting his time. In fact he is getting very valu- 
able experience, which later helps him with his ideas of number 
and in his ability to measure. The school should therefore 
encourage this kind of activity, by providing buckets, cans, pots, 
cups, bottles and tins (of all shapes and sizes). A plentiful supply 
of liquid and dry material should also be available in a place 
where the children can play (and make a certain amount of 
mess, without being scolded by the teacher !). 

During these activities children often talk to themselves (or 
to each other) about what they are doing: ‘Let us fill it up.’ 
‘How many cups can I fill from this bottle of water? — one, two, 
three. Oh! there is a drop of water still in the bottle, but not 
enough for another cupful.’ ‘Here is some water in this wide 
jug. It only comes half-way up. Let us pour it into this narrow 
jug. Look what happens. The water comes right to the top in 
this one.’ ‘There is sand in all these tins. Pour it all into the 
bucket. There is not much, is there?’ 

From this kind of conversation, it can be seen that the child 
is making for himself all kinds of judgements about the measure- 
ment of quantities. He can use these judgements for an im- 
mediate purpose when he ‘buys’ from the class-room ‘shop’. He 
may ask, for example, for some food which is served by the tin- 
ful. He soon comes to see the difference between ‘heaped’ and 
‘level’ measures. The ‘heaped’ tin of food contains more than 
the one which is just full to the top of the tin. He must pay more 
for it, as the shop-keeper asks for a higher price. 

It is in shopping activities that the children come to realize 
that it is better to have a standard measure of capacity (or a 
number of standards). They begin to find that they cannot rely 
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on getting the same quantity of liquid, for example, if they or 
the ‘shop-keeper’ use a different size of tin each time a purchase 
is made. Moreover, they find that they cannot rely on the evid- 
ence of their eyes in this matter. A tall narrow jar is sometimes 
found to hold less than a wide short bowl. 

To help in this difficulty, the teacher introduces the use of a 
standard-size tin or jug which, when full, holds exactly a pint of 
liquid.* If it is not possible to get several pint measures, any 
suitable size of container is satisfactory, provided the level, to 
which a pint of liquid reaches, is marked clearly inside the con- 
tainer (and if possible outside also). The container should also 
be clearly marked with the words ‘One pint’. 

The children are now encouraged to continue their experi- 
ments so that they can tell how many pints are required to fill 
larger containers. They are now ‘ measuring capacity ’, using a 
standard measure (the pint), just as they were previously 
‘measuring length’ by using a standard length (the foot). 

At a suitable time the teacher should get the children to fill a 
container which holds two pints. This is labelled or marked as 
before with the words ‘One quart’, and this is also used as a 
standard measure. Later a tin or some other container is found 
which holds eight of the pint measures (or four of the quart 
measures) and this is labelled with the words ‘One gallon’. This 
is a standard used for measuring larger quantities of liquid. The 
children in some areas may be familiar with tins or drums 
labelled, for example: ‘Kerosene, 4 gallons’, ‘Petrol, 30 gallons’, 
etc. These children have plenty of opportunity for experimenting 
with gallons and for estimating larger amounts of liquid. For 
example, they may have a four-gallon tin and fill it with water, 
using a pint or a quart measure. 

In these sections on measuring, emphasis has been placed 
again, not on calculation, but upon the importance of children 
learning from their own experience about the need for standard 
measures and about the relationships which exist between these 

• Again the British unit is used as an example. Teachers must use their own 
local units . 
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units. In Chapter XX the work extends to the ability to change 
the units quickly from one to another and so work out ‘problems’ 
in which these units are used. 

E — Learning to measure time 

Though time is something which is measured in the same way 
all over the world, it is found that in some areas the grown-ups 
at home do not need to measure time accurately. It seems that it 
is sufficient for them to know the approximate times of sunrise 
and sunset, so that they can arrange to make safe journeys 
during daylight. They also need to know the approximate time 
for the onset of the dry and rainy seasons so that sowing and 
harvesting can be prepared for. In some areas near the sea and 
in tidal rivers it becomes necessary to know something about 
the motions of the moon and the time of tides in order to go out 
in boats and catch fish. 

In other areas, of course, people’s lives (particularly in towns) 
are governed by the need to keep to a strict time-table. They 
have to be at work at a particular time. They have to do their 
business by meeting other people at a particular time. They must 
listen to the radio at certain times if they want to hear par- 
ticular news-items or programmes. They must know exactly 
about the days, weeks and months of the year so as to plan their 
business and pleasure for the future. They cannot do this accur- 
ately by relying on the weather or changes in the moon. 

But in almost every area the school-child is governed by a 
routine which means that he must have a good understanding of 
time, perhaps more than the grown-ups in his own area. He 
must eventually learn to ‘tell the time’, so that he can be punctual 
in his arrival and departure. He must be able to read time- 
tables, particularly the school time-table. He must know the 
times of all the regular happenings of the school day, and wants 
to know about the times and dates of special days and school 
holidays. 

It is suggested that the early work in learning to ‘tell the time’ 
and in learning about days, weeks, months, etc., should go on 
together. 
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(7) Telling the time 

The first approach to telling the time should come through an 
awareness of the times of regular happenings throughout the 
school day, linked with observation of the school clock. Times 
for arriving and going home, meal-times, playtimes, times for 
particular ‘subjects’, are written on a card (Fig. 78). The clock- 
faces and positions of the hands* at various times are discussed 
with the children, and the card is hung on the wall for reference. 
Alternatively one clock-face model, with movable hands, is put 



FIGURE 78 . A Time-card’: tirsi steps in learning to ‘tell the time’ 


in a suitable place: the children each day take turns in moving 
the hands at various times, and hanging up a card on which the 
time and the event are written (Fig. 79). 

In this early approach to telling the time the child is learning 
to remember the various positions on the clock-face because the 
events associated with these times are important to him. Later, 
the teacher usually finds it necessary to teach the child the mean- 
ing of each position on the clock, first using the hour-hand, then 
the minute-hand, separately. 

In Fig. 80 two clock-faces are shown. They are parts of the 

• The hands of a clock arc sometimes called ' fingers' . 
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same clock-face when put together, but they are introduced 
separately to the children. First the teacher shows the hour- 
hand moving right round from twelve to twelve (Fig. 80(6)). The 
children are told that if the minute-hand is at the top (that is, 
pointing to the twelve) and the hour-hand is at the figure one 
the time is one o’clock. Similar illustrations are shown for the 
other hours. Then the children’s attention is directed to the 
other clock-face showing the minute-hand only (Fig. 80(a)). 



Qt wurCvr p«tr 

12,. 15 

7 for Litndc. 


FIGURE 79. — Clock-face with movable hands. (At suitable times a child 
moves the hands and hangs up the proper card) 

They are shown the minute-divisions on the right of the circle 
(there are thirty of them). The hand is pointed in turn to the 
positions ‘5 minutes past’, ‘10 minutes past’, ‘15 minutes past’ 
(or ‘quarter past’), ‘20 minutes past’, ‘25 minutes past, ‘30 
minutes past’ (or ‘half past’). The children are given practice in 
recognizing these positions on the right of the circle, which are 
indicated by the word ‘past’, that is ‘past the hour’. When the 
teacher is satisfied that the children know these positions, he 
fixes on the small clock-face with the hour-hand, and gives the 
children practice in recognizing the time when both hands are 
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present. He limits the position of the minute-hand to the right 
of the face only. 

Next, the small clock-face, with the hour-hand, is again de- 
tached, and the children’s attention is drawn to the positions on 
the left of the larger clock-face. The minute-hand is placed at 
‘5 minutes to’, and the children are asked: ‘How many minutes 
to the o'clock mark at the top?’ The children count the five 
minute-divisions. In the same way the positions of ‘10 minutes 
to’, ‘15 minutes to’ (or ‘quarter to’), ‘20 minutes to’, and ‘25 
minutes to’ are demonstrated separately, and the children 




FIGURE 80. — The model clock-face, with separable parts, for learning ‘to tell 
the time*, (a) The minute-hand and face (the ‘Past* half is dealt with, then the ‘To’ 
half separately, in the early stages). ( b ) The hour-hand and face 

(For description of apparatus, see page 474) 

are given practice in quick recognition. The two clock- 
faces are again fixed together, so that the children can 
get practice in recognizing the time when both hands are 
present, but the position of the minute-hand to the left side 
only. 

This method of dealing with the two hands separately, before 
dealing with both together, helps the children to get over 
the confusion which they feel when they hear a grown-up 
say, for example: ‘Ten minutes past eight’ when the minute- 
hand (which is the longer!) clearly points to the figure 
two. 

The teacher should allow the children to see the workings of a 
clock if possible, and should show how the small hour-hand 
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travels only a short distance while the larger minute-hand is 
going the full circle.* 

It is also wise to show children later that some clocks have 
Roman numerals instead of the usual Arabic figures (see 
Fig. 81). 

(2) Days , weeks , months , etc. 

Time which is not measured by the clock is best approached 
through the school calendar, and through the simple diaries and 



FIGURE 81. — The clock-face with Roman numerals 

records kept by the children themselves. These relate again to 
events which are important to them and therefore worth 
remembering. 

(a) Class diaries. These are filled in each day by a different group 
of children in turn. The group meets to discuss what is the im- 
portant news of the day (referring often to future events), and 
one of the group is asked to write it. Another of the group 
makes a suitable drawing and colours it. This diary (Fig. 82(a)) 
is kept on display so that the whole class may read it. 

(b) Weather diaries. These are also kept for and by the whole 
class. With young children they are simple and only contain a 
little information (Fig. 82(b)). Older children can use them fo r 
geographical as well as arithmetical information. 

( c ) . Ferso/ia/ diaries. These are mainly simple drawings which 
bring in a reference to time and give the children an oppor- 
tunity to record how they spend their days and weeks (Fig. 82(c)). 

(d) Time graphs. These are simple graphs which can be filled in 
by individual children once a week. For example, the height of a 

* The relative motion of minute- and hour-hands can be shown by using the 
cog-wheel mechanism from an old clock. 
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(c) 

FIG URE 82. — Some ‘time' records: (a) A class diary. (/>) A weather diary. 

(f) A personal diary 


plant is marked on a sheet of card board, which is moved sideways 
each week to make a graph showing rate of growth (Fig. 83). 

In this chapter a method of introducing children to learning 
to tell the time is described. It is shown how they may be given 



FIGURE 83. — Making a simple ‘time graph’ (to siiow the weekly increase 
in height of a growing plant) 
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activities in which they are learning through their daily ex- 
perience the names of the days of each week, the number of 
days and weeks in each month, and the names of the months. 
The work in Chapter XXI shows how they go on later to extend 
these activities so that they see the relationships between all the 
units of time (seconds, minutes, hours, days, weeks, months, 
year). These time facts are then learned till they know them 
perfectly. They then use these facts in making calculations about 
time, reading travel time-tables, and solving simple ‘problems’ 
dealing with time. 



SOMETHING TO THINK ABOUT — 2 

{Addition) 


We grown-ups cannot easily remember how we our- 
selves learned to add. We did it so long ago, and since 
then have had many other experiences, which have 
tended to make our memories imperfect and unreliable. 
Many of us, in any case, cannot give, in detail, the 
stages by which we ourselves learned. We are inclined 
to think ‘it just happened’. Often it does ‘just happen’ 
for the more intelligent child: he learns without being 
taught. In general, teachers belong to the more intelli- 
gent section of the population, and this very fact makes 
it more difficult to understand the problems our less 
intelligent children find in learning. We understand — 
why cannot they ‘l How can we look at the addition pro- 
cess with the mind of a child, particularly the child of 
average intelligence? 

One of the chief difficulties which young children meet 
in the addition process is the ‘carrying’ of numbers 
from the units-column to the tens-column, etc., as in the 
example shown. If children are to understand 
what they are doing in a sum like this, they must 28 + 
understand how our number system is arranged, 82 
namely: — ~ 

(а) It is based upon the numbers of our ten fingers 
(or toes). 

( б ) We have a separate symbol for all the numbers 
from nought to nine, that is: 

012345678 9 . 

For writing down numbers greater than nine we have no 
new figures but we make use of the figures we already 
have. For example, if we want to write down the number 
ten in figures we write 10 , using the one ( 1 ) and the 
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nought (0). The position (or place) of the ‘ 1 ’ means that it 
is different from one unit. Similarly, for the next higher 
numbers, we write 11 (1 ten and 1), 12 (1 ten and 2), 
13 (1 ten and 3) ... 19 (1 ten and 9); 20 (2 tens), 21 
(2 tens and 1) ... 99 (9 tens and 9). We then come to 
10 tens. We call this a hundred and write it down as 
100, the new position (place) of the T’ being used to 
show its new value. 

These ideas are difficult for many children to grasp. 
Can we, as teachers, appreciate their difficulties? 

Imagine you are a member of a race of people with 
only eight lingers and have no thumbs, so that your 
hands look like those in Fig. 84. 



FIGURE 84. - Imaginary hands (without thumbs) as the basis of a number 

system 

When you begin your number learning you learn to 
count on your fingers like this: 

‘ Aye , Bee, See , Dec, Ee, Eff, Gee, A itch.' 

You then represent the numbers from Aye to Gee by 
the figures I, 2, 3, 4, 5, 6, 7, and also get to know the 
symbol for nought (0). For A itch there is no new single 
figure (just as there is no single figure for ten in the 
number system based on ten fingers). We represent Aitcl . 
by using the one and the nought again and write it as 10. 

Set down in the form of a chart the system appears 
as in Fig. 85. For numbers above A itch (10) you have 
number names and figures like this: 

A itch- Aye Aitch-Bee A itch-See . . . Aitch-Gee 
11 12 13 17 
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Then: 

Bee-Aitch Bee-Aitch-Aye . . . Bee-Aitch-Gee 

20 21 27 

etc., etc; 
up to: 

Gee- A itch Gee-Aitch-Aye . . . Gee-Aitch-Gee. 

70 71 77 

Aitch-Aitch , the next number, is represented by 100. 
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FIGURE 85. A number-chart based on an ‘eight’ system 


Now, counting on your fingers, as children do, try to 
do these sums,* remembering that you only have Aitch 
lingers. 

Units Units A itches Units A itches Units A itches Units 

1 4 ; 5 4 6 -f 

->366 


Eventually, you realize that, if you want to avoid 
using your lingers, or counting by dots, you must know 
the addition number-facts; for example: 

6 7 — 15 in this system 

{EJf 4- Gee -- Aitch-Ee) 

* The answers, in this system, arc: 

3 (See), 6 (Eff). 10 (Aitch), 12 (Aitch- Bee). 14 (Aitch- Dee). 
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Now try these examples: 

* 


AU 

AU 

AU 

AU 

16 + 

25 + 

37 + 

36 + 

12 

23 

25 

67 

26 

17 

61 

47 


The first is worked like this. Starting with the Units. 
Eff and Bee make Aitch (6 - f 2 — 10). And Eff makes 
Aitch-Eff (10 + 6 - 16). Put down the ‘b’ in the Units- 
column of the answer and carry the ‘7’ into the Aitch - 
column. Now deal with the Aitch-colnmn, etc. 

You may now appreciate one of the main problems 
which some children meet in the addition process, 
when trying to understand the idea of ‘place-value’ so 
that they can ‘carry’ from one column to another. 

• The answers to the four examples are: 

56 ( Ee-AitcIbEj f); 67 ( Eff-Aitch-Gec ); 145 {Auch-Aitch-Dee-Aitch-Ee); 

174 ( Aitch- Aitch-Gee-Aitch-Dee). 



CHAPTER XI 


LEARNING MORE ABOUT ADDITION 

Chapter V is concerned with the early stages of teaching 
children the idea of addition. (At that level the children are 
expected to learn the primary addition facts and to be able to 
set down and work simple examples of addition.) The work in 
this chapter assumes that the early stages have been done 
properly, and is intended to extend the range of the children’s 
experiences so that they have a full and accurate knowledge of 
the addition process. 

At the end of the chapter there is a detailed analysis of the 
suggested stages and steps which may be followed in the teach- 
ing of addition. The teacher may find it helpful to look at this 
analysis before reading further. He will then be able to see how 
the various sections of this chapter fit into the general scheme. 

A -The idea of place-value 

The children have already learned to write 10, 11,12,... 20 as 
number-symbols, but have not thought about the place-value of 
the figures. They have learned also, for example, that 13 is 10 
and 3 more, again without necessarily thinking of place-value. 

The stage is now reached when we should introduce the idea 
that the value of a figure in any number depends upon its 
position. This idea is not only necessary for full understanding 
of the addition process, but is invaluable when the child comes 
to learn about long multiplication, division and decimals. 

(/) Extending the children s ability to count — Before we begin to 
deal with place-value we should make sure that the children are 
able to count, with confidence , at least up to one hundred. A 
great deal of the experience in counting comes through the 
children’s own games and through their own love of repetition. 
But we should also arrange counting activities in school. For 
example: 

(/) The children may count round the class, each child saying a 
number in sequence. 
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( 11 ) The teacher and children in turn call odd and even numbers 
of a sequence. 

(///) The teacher, during the counting, draws the children’s 
attention to the fact that the numbers group themselves in tens. 
He shows how the numbers appear to ‘start again’ after every 
ten. For example, ‘. . . 27, 28, 29, 30 — now we start again — 31, 
32, 33, 34 . . .’ The children are encouraged to emphasize the 
last number of each group of ten (that is, 20, 30, 40). 

(iv) The children count in tens, that is, ‘ten, twenty, thirty . . . 
eighty, ninety, hundred’. Counting in tens is sometimes used by 
children in games like ‘ Hide and Seek ’ where the ‘seeker’ covers 
his eyes and counts aloud in tens up to a hundred in order to 
give the others time to hide. 

(v) The children start with a number like six and keep adding a 
ten, so that they count: ‘six, sixteen, twenty-six, thirty-six . . . 
ninety-six’. 


(2) Helping children to understand our number system — The 


children now progress to the writing down on 
squared-paper of the numbers, which they have 
been counting in tens. The teacher also writes 
down the numbers on the blackboard and shows 
the children how they can say these numbers 
in a different way. They point to the left-hand 
figures and say: ‘One ten, two tens, three tens, 
four tens . . . nine tens.’ From this the children 
see that the left-hand figure indicates the tens in 
each number. The teacher then suggests that this 
left-hand column should have a name. The chil- 
dren write the letter ‘T’ (to represent ‘tens’) at 



the top of the column. 


The class now look at a series of numbers 
such as the one shown here. It is pointed out 
that 23 (20 and 3) is 2 tens and 3 ones. 24 (20 
and 4) is 2 tens and 4 ones. 25 (20 and 5) is 2 tens 
and 5 ones. 

The teacher suggests that a name is needed 
for the column of ones. The children probably 
suggest the letter ‘O’, but it is then pointed out 



that this may be confused with ‘0’ for nought. Another word 
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which is often used for ‘ones’ is ‘units’* and the column is 
headed with a letter ‘U\ 

The next step is to consider numbers like fourteen, fifty-seven, 
thirty-six, and ask the children how many tens and how many 
units there are in each number. They write down the numbers, 
using the tens and units notation. 

The apparatus shown in Fig. 86(a) helps children to recognize 


mu> 

m> 


UM> 

s> 


r~3~r q~l> 

s> 


1 * | 0 [> 

H> 

f 5 Tol> 

LsioJ> 

d> 

H> 

LiLqJ> 

E> 

i 5 1 6 1> 

nn> 

\U> 

( b ) 

I 8 I 0 O 

E> 


( 9 | 0 0 

0> 



(a) 

FIGURE 86. — Number-cards to help children understand the structure of 

numbers 

numbers and understand their structure. Each child has nine 
cards for the tens (numbered ten to ninety) and nine cards for 
the units (numbered one to nine). The cards can be used in a 
variety of ways. For example, the teacher calls out a number: 
say, fifty-six. The children pick out their ‘fifty’ card and their 
‘six’ card (Fig. 86(6)). The two cards are placed so that the 
pointers are together, and the children find they have made up 
the number ‘fifty-six’. 

This type of card can be used later to help children to 
recognize and write down hundreds and thousands. The activity 

• 'Unit* comes from the Latin word (i;nus) meaning ‘one’. 
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is particularly valuable in showing the structure of numbers 
which include noughts, such as 109, 210, 3007. 

B — The beginnings of addition using ‘ place-value * 

(but no 'carrying') 

(/) Dealing with tens and units — Since there is no ‘carrying’ in 
these early examples, the work consists mainly of the setting 
down of simple ‘sums’. The children use their knowledge of the 
primary addition facts, their new knowledge of ‘place-value’, 
and the tens and units notation. The teacher should refer to the 
Analysis (page 161, stages D(2) and D(3)) for the detailed steps. 

There are a number of important points which should be 
borne in mind during this work. 

(a) Squared-paper is of very great help to the children’s 
understanding and accuracy. Teachers are strongly recom- 
mended to use it. 

(b) Standard phrases in working should be insisted upon. In 
the example given here the standard phrases used 

in the working may well be : 

‘First add the units. 

Two and four make six : sixand one make seven. 

Put the seven in the units column of the answer. 

Now add the tens. 

Three and two make five ; five and four make 
nine. 

Put the nine in the tens column of the answer. 

The answer is ninety-seven.’* 

The purpose of insisting upon standard phrasing is not to 
get uniformity, but to make sure that the children are building 
up the right habits of working. Not only does this help the child 
to be accurate, but it also helps the teacher to find out when 
and why some children make mistakes. For example, a child 
may add the tens column before the units column. Unless the 
teacher occasionally hears the child using standard phrases he 
may not be aware of what the child is doing, because the right 
answer is obtained. Later, when the child gets a wrong answer, 


j 

tJ u. 

4J + 

2 4: 


• Not 'wne seven’. 
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because ‘carrying’ is involved, the teacher may not be aware of 
the true cause of the mistake. 

(c) The teacher should decide whether the addition should 
start from the bottom or the top of the column. It is probably 
better to start from the bottom, as most teachers find that 
children are then less likely, at the later stage, to forget the 
‘carrying’ figure in the tens and hundreds columns, etc. Which- 
ever way is chosen the children should learn to check their 
answers by starting the addition from the other end of the 
column. 

( d ) The teacher should remember, throughout all this work, 
to give regular practice in examples set as ‘problems’. These 
should be given orally and in written form. The words used 
should be varied, so as to give children experience of all the 
phrases which indicate that addition must take place. 

(2) Dealing with hundreds, tens and units — The work with 
hundreds follows naturally when the children are confident in 
dealing with tens and units. The teacher should introduce 
‘H.T.U.’ notation in a similar way to that for ‘T.U.’, using 
‘hundred’ cards in the apparatus shown in Fig. 86, and should 
follow the progression of examples given in the Analysis (page 
162, stage D(4)). 

It is important that some of the examples are ‘dictated’ by 
the teacher (not copied from the blackboard or text-book). This 
gives practice in setting down figures in their correct columns. 
The children should also be given practice in setting down and 
working examples given in the following forms: 

(/) ‘31 + 102 + 4 + 312 . . .’ 

(n) ‘Find the sum of thirty-one, one hundred and two, four, 
three hundred and twelve.’ 

C — 4 Carrying ’ in addition 

It is wise to introduce ‘carrying’ by a revision of previous work, 
before going on to an actual example of ‘carrying’. The new 
idea then follows naturally from what the children already know. 

First, revision practice should be given in adding a column of 
numbers (each less than ten) where the total is greater than ten. 
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Much of this is revision of the primary addition facts. The 
children are asked to give the answer in tens and units, making 
use of their knowledge of ‘place-value’. For 


example, if they are asked to add 5, 2 and 9, they 




give the answer as sixteen (1 ten and 6 units). 

T. 

U~ 


Other examples should be revised where the total 


~s 

+ 

is twenty or more (for example, twenty-six) so j 


2 


that the children get the idea of giving the answer 


9 


as 2 tens and 6 units. 

T 

~ 


Secondly, the children should look at the 





figures in the examples they have done in previous 
weeks. The teacher should remind them that the highest number 
in any single column is never more than nine. As soon as a 
total is greater than nine, it has to be written down in ‘tens' 
and ‘units’. 

(/) ‘ Carrying ' to the tens-column — An example of the type shown 
should be put on the blackboard. The children are asked to 
work it aloud, using the standard phrases to 
which they are accustomed. A child begins: ‘First j 

add the units. Eight and six make fourteen', and T.; U.j 

perhaps goes on: ‘Put the fourteen in the units- 5 j 

column of the answer.’ The teacher quickly j 8 

carries out this instruction, expecting to be cor- 6 I 4 

rected, since the children know that they cannot I | 

have a number greater than nine in any one ^ ' 

column. They tell him at once that fourteen is 1 ten 
and 4 units; so the 14 is rubbed out, and they discuss what can 
be done. The teacher asks: ‘Whe^e do the 4 units belong?’ ‘Now 
where does the 1 ten belong? We must “carry” it to the tens- 
column but we do not write it in the answer straight away 
because there are more tens to be added. To make sure that we 
remember it when we add the tens, let us put it under the line 
in the tens-column like this.’ Then the child goes on: ‘Now add 
the tens. Begin with the one we are carrying. One and five make 
six. Put the six in the tens-column of the answer. The answer 
is sixty-four.’ 

When children understand the idea of ‘carrying’ they should 
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be given practice in working the different types of examples set 
out in the Analysis (page 164, stage E(l)). 

(2) ‘ Carrying ’ to the hundreds-column — If children understand 
the work so far they have little difficulty in extending the 
‘carrying’ idea to the hundreds- and eventually to the thousands- 
column. The graded steps are set out in the Analysis (page 165, 
stages E(2) and (3)). 

(3) Helping the less able child to understand ‘ carrying ’ — If there 
are children who still fail to get the idea of ‘carrying’, it is 
suggested that the teacher should go back to the stage where the 
children play the ‘changing game’ (Chapter V, page 49). They 
then realize that the ‘change’ for numbers which add up to more 
than nine always includes at least one ten. They may also be 
helped by using the ‘20-slide’ again, so that they see each ten as 
a landmark in their adding. 

Some teachers find it necessary, with less able children, to 
demonstrate the process of carrying by the use of an addition- 
board with bead-bars or number-strips. In the example given 
(Fig. 87) the child puts down a ‘6-bead-bar’ in the units section 
and five ‘10-bead-bars’ in the tens section. Then he also repre- 
sents the eight units, which he is adding, by putting an ‘8-bead- 
bar’ in the units section as shown. Now he has to find how many 
beads he has altogether. He begins with the units. The eight and 
the six bead-bars are changed for a ‘10-bar’ and a ‘4-bar’. The 
‘10-bar’ is put with the tens in their section, and the four is left 
with the units. He now looks at each column. He finds four 
beads in the units and puts a ‘4’ number-card in the answer. 
Then he sees that there are six TO-bead-bars’ in the tens-column 
and puts a ‘6’ number-card in the answer. His answer is then 
read as ‘sixty-four’. 

D — Common errors made by children in the addition process 
We should always try to discover the nature of the errors made 
by children, so that wc can give the most effective help to put 
matters right at once. 

Written tests, when the results are properly examined, may 
show up some of the difficulties ; but, whenever possible, the 
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teacher should also listen to individual children working out the 
process aloud. 

It is well to remember that ‘prevention is better than cure’. 
Errors should be few if the original teaching has been satis- 
factory. 


Hundreds 

Tens 

Units 












Hundreds 

Tens 

Units 












m 

m 


FIGURE 87. — An ‘addition-board’ and ‘bead-bars’, to help children with 

‘carrying’ 


Common errors, with their probable causes, and suggested 
ways of putting matters right, are given here : — 

(a) Not knowing the addition facts, for example 9 + 8 = 17. 
Further work is needed on the facts not known. Practice-cards, 
flash-cards, and games involving repetition of the facts, should 
be included. 
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( b ) Loss of place during the working process, due to fatigue 
and lack of concentration. This, again, is often associated with 
imperfect knowledge of the facts. The child has to ‘count’ his 
addition slowly, laboriously, and sometimes inaccurately, on his 
fingers. While doing so he loses his place. This is obviously an 
indication that the child is being pushed on to a stage for which 
he is not ready. The teacher should take him back to an earlier 
stage. 

The child sometimes loses his place when adding more than 
two numbers (for example, 4 + 5+7) because he fails to keep 
the unseen nine (4 + 5) in his mind when he goes on to add the 
seven. 

(c) Faulty setting down, particularly when the addition has 
been dictated by the teacher, or when the example is given in 


horizontal form. For instance, 
504 + 26 + 169 may be written 


i 

, i 

down incorrectly instead of in the 

5 0 4 + 

H. T. U. 

correct form as shown. 

2 6 

| 5 ' 0_] 4 + 

This may sometimes be due to 
carelessness, but more frequently 
to lack of understanding of place- 
value. The teacher should revise 

1 6 9 

.... 

1 j 1 

1 1 6 j 9 ; 

- 1 " 1--f - 1 

• — l-J-r 

the idea of place-value and make 
sure that squared-paper is used. 

Incorrect 

Correct 


(d) Confusion and inaccuracy due to the bad habit (sometimes 
even encouraged by teachers) of searching up and down a 
column for pairs of numbers 
which make up ten. It is best 
to have a standard procedure, 
using standard phrases in 
working. This gives confi- 
dence and promotes ac- 
curacy. (Later, the standard 
procedure can be adjusted to 
give greater speed. In this 
example, for instance, chil- 
dren may reach the stage where they can add the units-column 


T. 


1 

1 

2 

in" 

, I 

3/ 

Ll 

L*J 

i 

j ■ — 


V 


The child 
should not 
search for 
pairs of numbers 
making up ten. 
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without having to say the ‘steps’: ‘Eight, (and 3) eleven, (and 7) 
eighteen, (and 2) twenty.’) 

( e ) Mistakes in ‘carrying’ are various. 

(/) Forgetting to add the ‘carrying’ figure. This can be avoided 
if the child adopts the suggested procedure of starting his adding 
from the bottom, and of checking by adding downwards from 
the top. 

(//) Omitting to write down the ‘carrying’ figure. 

(hi) Putting in the wrong ‘carrying’ figure. For example, when 
the total of the units-column is 21 a child puts the ‘2’ in the 
units column and ‘carries’ the ‘1’. (Again 

X IT TU 

this may be due to carelessness, but more 
likely shows lack of understanding of the — instead of — 

process.) The teacher should go back to a — im- 

practical demonstration of ‘carrying’. 

(iv) Adding the ‘carrying’ figure twice in the same column. 

(v) Adding the ‘carrying’ figure in the tens-column and using it 
again in the hundreds-column. (This is almost always due to 
imperfect setting down.) The use of squared-paper, to keep the 
separate columns clear, is recommended. 

(vi) Putting in ‘carrying’ figures when there is nothing to carry. 
(This is sometimes due to lack of understanding, and sometimes 
to ‘habits’ because all the examples given over a long period of 
practice have happened to require ‘carrying’.) Revision should 
always include examples of varying types. Some should require 
‘carrying’, some should not, so that the children learn to deal 
with each example according to its particular needs. 


E — Summary of points to remember in teaching addition 

1. A suitably graded scheme of work, such as that described in 
this chapter, and analysed on pages 158-166, should be 
followed. 

2. The early work should be based on actual addition ex- 
periences. 

3. At every stage examples in ‘problem’ form should be in- 
cluded, so that children learn to understand statements and 
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situations which require them to add and to use the addition 
process. 

4. A perfect knowledge of the primary addition ‘facts’ is 
essential. 

5. A proper understanding of the addition process is impossible 
without a good knowledge of ‘place-value’. 

6. Squared-paper should be used, particularly in the early stages 
and when new steps are being learned. 

7. The use of standard phrases in working helps the children’s 
confidence and accuracy. 

8. Careful records should be kept of each child’s progress. 
Mistakes should be noted so that they can be put right before 
going on to new work. 
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( e ) Oral and written work with 
sequences, e.g. 
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SOMETHING TO THINK ABOUT— 3 

(Subtraction) 

In the section preceding Chapter XI it is stated that 
teachers do not find it easy to understand children’s 
difficulties in arithmetic. We have to try to put ourselves, 
in imagination, in the position of a child. It is suggested 
that we may find it helpful to do some arithmetic in a 
different number system from that to which we are 
accustomed. 

The system suggested for our experiment is based on 
eight fingers. We have new number-names but keep the 
same figures (Fig. 85, page 145). 

In the section preceding Chapter XI you were asked 
to work out a few simple examples of addition using 
this new number system. It is suggested that you now 
try to do the same thing with simple subtraction 
examples:* 


Units 

(b) Aitches 

Units 

(c) Aitches 

Units 

6 - 

1 

7 - 

1 

0 - 

3 

1 

2 


5 


(d) Aitches 

Units 

(e) Aitches 

Units 

1 

2 - 

3 

4 - 


6 

1 

7 


Did you get them all right? You probably found that 
(a) and ( b ) were easy. In ( c ) and (d) you needed a know- 
ledge of the subtraction facts in this particular system: 
10 — 5 = 3; 12 — 6 — 4. But when you came to ( e ) 
you probably found yourself facing the difficulty met 

* The answers arc: (a) 3 (See); (b) 5 (Ee); (c) 3 (See); (d) 4 (Dee); (e) 15 
(Aitch-Ee). 
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by many children in subtraction. You had to think very 
clearly about what you were doing, because you had to 
find a way of dealing with the situation arising when 
the number of units in the top line is smaller than the 
number of units in the bottom line. 

You may find it interesting and instructive to con- 
sider in detail how you yourself dealt with this difficulty. 
What methods did you use? What methods would you 
use in teaching this step in subtraction to children to 
give them a full understanding? 

The following chapter discusses in detail the ways of 
helping children to deal with the situation. 



CHAPTER XII 


LEARNING MORE ABOUT SUBTRACTION 

The first approach to subtraction is discussed in Chapter VI. 
First, children have subtraction activities, using apparatus and 
games. They then learn how to write down these practical 
experiences of subtraction in figures. Later they learn the 
primary subtraction ‘facts’ so that they can state each one 
correctly and without hesitation. 

During this early work children are continually meeting and 
using all the words and phrases which indicate that subtraction 
must take place. Wc must try to make sure that the children 
fully understand the meaning of words and phrases such as: 
‘take away’, ‘take from’, ‘subtract’, ‘how many more?’, ‘what 
is the difference?’, ‘what must 1 add to?’, ‘how many are 
left?’ 

These beginnings are a necessary basis for extending their 
knowledge of the subtraction process and dealing with larger 
numbers. 


A— The simple subtraction process 

After the children have learned the primary subtraction facts, 
they can proceed to examples like this, where they deal w'ith 
bigger numbers. This type of example is not 
difficult because the children are already familiar, 
from their work in addition, with the idea of 
place-value, and know that they can deal with 
the units and tens in turn. If they can take the 2 
from the 9 in the units-column and the 5 from 
the 6 in the tens-column they arrive at the correct 
answer. 

Because this type of example is easy, this is the stage at which 
we should begin to insist upon a standard method of working. 
It helps the children to become more confident and more accur- 
ate, and, provided that the same methods are used throughout 


T. 

U. 

i 

6 

T 

- 

5~ 

LI~ 



i 




170 


TEACHING OF ARITHMETIC 


the school, they find less difficulty when they are introduced to 
more complicated examples. 

Before the children begin to work any example aloud, they 
should be encouraged to think of how it may be stated in 
words. For instance the example given here may be stated by 
the child in one of a variety of ways: 

‘Take fifty-two from sixty-nine.’ 

‘How much bigger is sixty-nine than fifty-two?’ 

‘What is the difference between fifty-two and sixty-nine?’ 

They then go on to work the example. 

Here are two possible methods : 

(a) (Using the method of ‘subtracting upwards’.) 

‘First deal with the units. 

Two from nine leaves seven. 

Put the “7” in the units-column of the answer. 

Now deal with the tens. 

Five from six leaves one. 

Put the “1” in the tens-column of the answer. 

The answer is seventeen.’ 

( b ) (Using the method of ‘subtracting downwards’.) 

‘First deal with the units. 

Nine, take away two leaves seven. 

Put the “7” in the units-column of the answer. 

Now deal with the tens. 

Six, take away five leaves one. 

Put the “1” in the tens-column of the answer. 

The answer is seventeen.’ 

The children can easily go on to deal with hundreds, tens and 
units in subtraction examples of this nature. The detailed steps 
for teaching are given in Analysis 2 (page 1 82, stage D). 

B — The next stages in the subtraction process * 

Now let us look at an example where, in the units-column, the 
figure (eight) in the bottom line is greater than the figure (four) 

• Note — Some teachers will realize that this is the stage in subtraction where 
the words 'borrowing* and ‘paying back* are commonly used. In this book these 
words are not used, because they do not describe what happens in subtraction. 
As will be seen, neither ‘borrowing’ nor ‘paying back* occurs at any time. 
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in the top line. We immediately find that we are in difficulty 
because we cannot take eight from four. Some method of dealing 
with this situation must be found. 


There are several different methods in use at 




the present time, but, after many years of argu- 

T. 

U. 


ment and research by teachers, there is still lack 

3 

4 

— 

of agreement as to the best method. It appears 

1 

8 


that all these methods, if taught properly, give 




good results. What is most important is : that the 
teachers within a school, or better still within a 





group of schools, should agree upon which method they are 
going to use. As a child moves from class to class within a 
school, or from school to school within an area, he should not 
be faced with the very great difficulty of having to change from 
one method of subtraction to another. This applies particularly 
to the less able child. 

If, as sometimes happens, a child moves into an area where a 
different method of subtraction is used, he should be allowed to 
keep to his own method, provided that he can use it successfully. 

This emphasizes the need for the teacher to know and under- 
stand all the more common methods. He is then able not only 
to teach the standard method for his school but also to help 
children who have already learned to use another method. 

It is proposed here to discuss in detail the two methods most 
commonly in use. 


(7) Subtraction by the method known as * decomposition ’ 

The method of ‘decomposition’* appeals to many teachers 
because the idea is easy for children 
to understand. It follows very simply 
from the early work in subtraction 
and can be demonstrated easily. 

(a) The idea explained — Let us con- 
sider the example already given. We 
cannot take the eight units from the 
four units. We can, however, make 
use of one of the three tens and think of it as ten units, thus 
• The children do not have to learn this word. 
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giving a total of fourteen units, as shown. The eight units can 
now be taken from the fourteen units to leave 

six units. The ‘6’ is put down in the units- 

column of the answer. We now deal with the T. U. 

tens: one from two leaves one. The T’ is put 2 14 

down in the tens-column of the answer. The 3 
answer is sixteen. The completed example is as — — 

shown on the right. _ 

1 6 

Note — Some teachers prefer not to add the 

ten units to the four but to write it above the 

four. The eight is subtracted from the ten, leaving two. This is 

then added to the four to give six. The completed 

example is set down as shown here. It is claimed — — 

that this method helps the children because it 

uses fewer subtraction facts. It is also more f-4r — 

natural when dealing with the subtraction of j-4-^ 

money and other measures. j-j-£ 

The same idea is used when dealing with bigger 1— - - 

numbers. 

In this example we cannot take the seven 

from the two in the tens-column. We have to — - 

make use of one of the five hundreds and —I — 

^ 2 ^ 

think of it as ten tens, making twelve tens — 1- 

in all. The completed example then looks as - i 

in (a) below. — J 

This breaking down (or ‘decomposing’) of 1 
the numbers in the hundreds- and tcns-columns gives this 
method its name. 

Here we must notice how the idea of ‘decomposition’ is 
applied to yet another example. See ( b ) below. 
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We cannot take the seven units from the two units. We look 
to the tens-column but find there are no tens 


for us to use. In order to get some tens we 
make use of one of the five hundreds and 

H. 

T. 

U. 

think of it as ten tens. We can now start 

4 

9 

J0 

12 

again and make use of one of the ten tens. 

5~ 

0 

2 

The completed example looks as shown on 

3 

5 

7 

the right. 

_L 

4 

5 


i 



(b) Teaching the idea of 'decomposition' to children — We put the 
example on the blackboard and ask a child to begin working 
aloud. He begins with the units-column and 
finds he cannot take eight from four. The work- 
ing is stopped and we ask what the 3 and the 4 
stand for in the number 34 — ‘Three tens and 
four units’. This can be made more vivid by 
representing the 34 as 3 bundles of ten sticks 
and 4 single sticks (Fig. 88). The teacher then 
goes on: ‘Here arc thirty-four sticks. We have to 
take eighteen away and find how many are left. Let us take 
eight away to start w'ith. There are not enough single sticks to 
do this. We must use one of the bundles of 
ten. Untie the bundle. We now have fourteen 
single sticks. It is easy to take eight away 
now. There are six left. Now let us deal 
with the bundles of tens. We only have two 
bundles of ten because we used one bundle. 
Now we have to take one ten away, leaving 




l ; ICiURE 88. 
Teaching the idea 
of ‘decomposition’ 
in the subtraction 
process 


us with one ten. Altogether we have one ten 
and six single sticks left, so that our answer 
is sixteen. 

‘Now let us work out the example on the 


blackboard without using apparatus.’ (We are thus introducing 


our ‘standard phrasing’.) 


‘First deal with the units. 

I cannot take eight from four: 
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So I use one of the three tens (leaving two tens*), and think 
of it as ten units. 

Now I have fourteen units. 

Eight from fourteen leave six. 

Put the “6” in the units-column of the answer. 

Now deal with the tens. 

One from two leaves one. 

Put the “1” in the tens-column of the answer. 

The answer is sixteen.’ 

This type of demonstration and explanation 
can be extended to deal with hundreds (ten 
bundles of ten), and thousands if necessary. With most chil- 
dren, however, once the idea is understood with tens and units, 
further practical demonstration may be unnecessary. It is essen- 
tial, however, that the children should follow a carefully graded 
scheme of work in dealing with bigger numbers. 

These stages and steps in teaching are suggested in Analysis 2, 
pages 180-5. 

(2) Subtraction by the method known as ‘ equal additions' 

This method does not follow as naturally from the earlier work 
as does that of ‘decomposition’. But it is found that, if the 
method is explained carefully, children can understand it and 
can use it accurately. 

(a) The idea explained — The method is based on the idea that 
the difference between two quantities is unchanged if equal 
quantities are added to both. For example: 

(/) Starting with 17 — 8 = 9, it follows that 27 18=9 and 

37 - 28 = 9, etc. 


T^U. 

2 I4_ 

J A 
I 8 
I 6 


• Note — It is good for a child, when learning a new process, to be 
allowed to use ‘helping’ figures, and to change figures where necessary. 
Though this sometimes leads to untidy work, it is valuable as an aid to 
understanding of the process and so makes the child’s work more accurate. 

There is no particular method which is widely accepted for this ‘crossing 
out’ and use of ‘helping’ figures. Teachers should use their own judgement 
in the matter. The method chosen in this book is that which the authors 
and editor consider to be as neat and clear as is possible in print. 

We should encourage children to stop using ‘helping figures’ when the 
process is well known and greater speed is required. 
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(//') The difference between the heights of two children is un- 
changed if they both stand on boxes of the same height. 

(///) The difference between the ages of two children remains the 
same because their ages both increase equally. 

The equal quantities added to the two original quantities need 
not both be in the same units. For example, it does not matter 
whether we add twelve months to one age and one year to the 
other, or whether we add ten units to one number and one ten 
to the other. In each case the difference remains the same. 

To illustrate the use of this idea in subtraction let us look at 
the same example as before. 

We cannot take eight units from four units. We therefore add 
ten units to the top line to make it three tens and 
fourteen units. This enables us to deal with the 
units. Eight from fourteen leaves six. 

Now in order to keep the difference between 
the top and bottom lines the same, we must add 
ten to the bottom line. This ten must go to the 
tens-column (since we have finished dealing 
with the units) making two tens in the bottom 
line. Now wc can deal with the tens. Two from three leaves 
one. The answer is six - 
teen. 

The completed ex- 
ample* looks like (a) on 
the right. 

Now let us look at 
another example, ( b ) on 
the right. 
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(b) 


T. U. 
3 4 

T 8 


* Note —Some teachers prefer not to add the ten to the 
four units but to write it above the ‘4\ The \S’ is then sub- 
tracted from the ‘10* leaving two. This is then added to the 
‘4* to give six. 

The completed example is set down as shown on the right: 

It is claimed that this method hc’ps the children because 
it uses fewer subtraction facts. It is also more natural when 
dealing with the subtraction of money and other measuies. 
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We cannot take seven units from one unit. Add ten units to 
the one unit to make eleven units and at the same time add one 
ten to the five tens to make six tens. Seven units from eleven 
units leaves four units. Now deal with the tens. We cannot take 
the six tens from the nought tens. Add ten tens 
to the nought tens to give ten tens and, at the 
same time, add one hundred to the three hun- 
dreds to give four hundreds. Six tens from ten 
tens leaves four tens. Finally, four hundreds 
from five hundreds leaves one hundred, giving 
an answer of one hundred and forty-four. The 
completed example is shown here. 

(b) Teaching the idea of ‘ equal additions' to children — The 
children must first be introduced to the idea that if two quan- 
tities are increased by the same amount then the difference 
between them remains the same. This idea should be demon- 
strated in as many ways as possible. For example: 

(/) How many cows (or pigs, hens, etc.) do the familes of two 
boys possess? How many has one more than the other? If three 
cows were given to each of the two families, how many would 
one family then have more than the other? 

(ii) Examples like this are worked on the blackboard : 

T.U. T.U. 

5 — add ten to 1 5 

3 both numbers 1 3 — 

2 ' 2 

T.U. T.U. 

add ten to 2 5 add ten to 3 5 

both numbers 2 3 both numbers 3 3 

2 2 etc. 

The difference is always the same. 

Once this idea of ‘equal additions’ is understood, we can work 
an example like this with the children. They begin: ‘Eight from 
four’, and find that they cannot do it. We then refer to the idea 
discussed previously and say: ‘If we add ten to the top line and 
ten to the bottom line we get the same answer. Let us first add 
ten units to the four units making fourteen units. We can now 
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take the eight away, leaving six. But we must remember also 
to add ten to the bottom number. This ten must go to the tens- 
column (since we have finished with the units) 
making two tens in all. Now we deal with the 
tens. Two from three leaves one. The answer 
is sixteen.’ 

After working several similar examples with 
the children we should gradually get them to 
use standard phrases in working and a stan- 
dard method of setting the subtraction down. 

So as to prevent them forgetting the addition 
of the ten to the bottom number, wc should insist that it be 
done at the same time as the addition of the ten units in the 
top line. 

The standard working may then be : 

‘First deal with the units. 

I cannot take eight from four: 

So I add ten to the four (making fourteen), and add one ten 
to the ten in the bottom line (making two tens). 

Eight from fourteen leaves six. 

Put the “6” in the units-column of the answer. 

Now deal with the tens. 

Two from three leaves one. 

Put the “1” down in the tens-column of the answer. 

The answer is sixteen.’ 

The work can then be extended gradually to examples which 
use the principle of ‘equal additions’ in the tens- and hundreds- 
columns. 

Note — Analysis 2 of steps in teaching (page 180) is based 
(from stage D onwards) on the method of ‘decomposition’, but 
the graded examples quoted are also typical of those that may 
be used at each stage in teaching subtraction by the method of 
‘equal additions’. 

C — Common errors made by children in the subtraction process 
We should always try to discover the nature of the errors made 
by the children, so that we can give the most effective help to 
put matters right at once. 


T. U. 

14 

3 4 
I* 8 
1 6 
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Written tests, when the results are properly examined, may 
show up some of the difficulties; but, whenever possible, the 
teacher should also listen to individual children working out 
the process aloud. 

It is well to remember that ‘prevention is better than cure’. 
Errors should be few if the original teaching has been satis- 
factory. 

Common errors, with their probable causes, and suggested 
ways of putting matters right, are given here: - 

(a) Failure to remember the subtraction facts, particularly 
those in which a nought appears. Further work is needed on the 
facts not known. 

We should be aware that some children understand the sub- 
traction process perfectly, but sometimes get their work wrong 
because they do not know the subtraction facts. 

(b) Forgetting to make the necessary change in the tens- 
column after a ten has been added in the units-column. This may 
be due to : 

(/) Carelessness. 

(/'/') Fatigue and lack of concentration arising from an imperfect 
knowledge of the subtraction ‘facts’. So much clfort has been 
used in working out the ‘facts’ that the child loses his place. 
(Hi) Lack of proper understanding of the process. 

This may mean that the work is too difficult, and that the child 
is being pushed on to a stage for which he is not ready. We 
should take him back to an earlier stage. 

(c) Faulty setting down of the example, particularly when it 
has been stated in problem form or when it has been dictated by 
the teacher. 

(d) Taking the figures in the top line from those in the bottom 
line. This may be due to inaccurate teaching in the early stages, 
when the children have been told, wrongly, to take the smaller 
number from the larger number. The error should not arise if 
standard methods of working are insisted upon from the start. 

(e) Discouraging the use of ‘helping figures' too soon. It is 
wise to remember that accuracy in subtraction is more im- 
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portant than speed. Some children need any help they can get, 

particularly in the early stages. 

D — Summary of points to remember in teaching subtraction 

1. A suitable graded scheme of work (such as that given on 
pages 180-5) should be followed. 

2. The early work should be based on actual subtraction 
experiences. 

3. At every stage examples in ‘problem’ form should be in- 
cluded, so that children learn to understand statements which 
require them to subtract. 

4. A perfect knowledge of the primary subtraction facts is 
essential. 

5. Squared-paper should be used, particularly when new steps 
are being learned. 

6. Careful records should be kept of each child’s progress and 
mistakes. 

7. The teachers in a school (or area) should get together and 
decide upon which method of subtraction and which standard 
phrases in working they are going to use. They should then 
keep strictly to them. 
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SOMETHING TO THINK ABOUT — 4 

(Multiplication) 

Teachers often find that a child’s main difficulties in the 
multiplication process arise from an imperfect know- 
ledge of the primary multiplication facts. The children 
who do not know the facts also tend to make mistakes 
in the process, because their power of concentration has 
been wasted on trying to remember or work out the 
facts. 

To show that this is so, it may be helpful for us to 
try to put ourselves in the position of the child and work 
out a few multiplication examples in which we our- 
selves have an imperfect knowledge of the facts. 

As before (pages 144 and 167), it is suggested 
that we teachers use, in this multiplication, a different 
system of numbers : that is, with a base of eight instead 
of the usual base of ten. This will ensure that, like 
some children, we do not readily know the multi- 
plication facts. 

For example, the early facts in the table of ‘i’s (‘ Sees ’) 
in the ‘new’ system are, and look like, this: 

1x3 = 3 (Aye times See is See) 

2x3 — 6 ( Bee times See is Eff) 

3x3 = 11 (See times See is Aitch-Aye 

4 x 3 = 14 (Dee times See is A itch- Dee) 

5 X 3 = 17 (Ee times See is Aitch-Gee) 

6 x 3 = 22 (Eff times See is Bee-Aitch-Bee) 

7 x 3 = 25 (Gee times See is Bee-Aitch-Ee) 

Now, can you work out the following multiplication 
examples.* First try them by referring to the table and 

* The answers in this system arc: 74 [Gee-Aitch-Dce); 545 ( Ec-Aitch-Aitch and 
Dee-Aiich-Le ) and I6J64. (Try writing this in words!) 
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then try them again separately by remembering the facts 
without the table: 

24 x 167 x 4574 x 
J 5 J 

Do you not find that it is quite easy to make mistakes, 
unless you are perfectly familiar with the ‘facts’? You 
probably spent more time and concentration on the 
‘facts’ than on the process itself. 



CHAPTER XIII 


LEARNING MORE ABOUT MULTIPLICATION 

A — Introduction 

In the work described in Chapter VII, children are introduced 
to the idea of multiplication as a special form of addition, which 
can be done quickly because the numbers to be added are all the 
same. The children are given practical experience, such as 
finding out how many objects there are altogether when they 
bring the same number of objects a given number of times. The 
teacher shows how these calculations may be recorded as facts, 
and the children have practice which enables them to learn 
these facts (up to a product of twenty-four). During this work 
the words ‘multiply’ and ‘multiplication’ are introduced. The 
children now go on to learn the multiplication process and the 
later multiplication facts, so that they can deal with bigger 
numbers. But, before this work is discussed in detail, it is well 
to consider again the meaning of an expression such as 5 x 4, 
and how it may be put into words. Is it expressed as: 

(/) Five times four? (iv) Four times five? 

07) Five fours? (v) Four fives? 

(///) Four multiplied by five? or (v/) Five multiplied by four? 

Does it mean : 

(a) Five groups of four? 

( b ) Four groups of five? 

Children should not be worried by such questions. What they 
must learn is the complete expression, 5 x 4 -- 20; and what 
they must understand is that it can be looked at in two ways— 
namely, five groups of four and four groups of five, each giving 
the same total of twenty. When this idea is fully understood, it 
helps children to learn the multiplication facts much more 
easily, since ‘twin’ facts can be learned together. The idea is also 
helpful when, later, the children come to the multiplication of 
money and measures. For example, when multiplying ‘9 d.' by 
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‘365’ it is possible to multiply by the ‘9’ much more easily than 
by the ‘365’. 

The following method is useful in demonstrating the idea to 
children. We put dots or small circles on the blackboard, as in 
the pattern in Fig. 89(a). The children count them and agree 
that there are six. We then cover the pattern with a cardboard 
screen (Fig. 89 (/>)) and ask: ‘How many twos?’— Three. (We 
write ‘3 2’ on the blackboard.) ‘And what do three twos 

make?’ — Six. (We add ‘ - 6’ on the blackboard.) ‘From this 



I IGl'Rl. 89 The use ol ‘screen' 10 show ‘twin facts’ in multiplication 

we see that 3x2 6.‘ We then remove the screen and show 

the six dots as they were to begin with. We then cover the 
pattern with another screen (Fig. 89(c)), and ask: ‘Now what do 
we see? Yes, two threes.’ (Wc write ‘2 \ 3’.) ‘So that two 
threes also make six.’ (We add ‘ 6’.) We now see that 

2x3-6 and 3\2 6. If we know ‘two threes’ we also 

know ‘three twos’. So we can learn both facts at the same time. 

We also demonstrate, in the same way, the various multiplica- 
tion facts which are involved in a number like twenty-four (see 
Fig. 90). 






(4 x 6 = 24) (3 x 8 = 24) (2 x 12 = 24) 

FIGURE 90. — Screens showing the ‘multiplication facts’ for the number 

twenty-four 


B — Short multiplication 

(1) Using early multiplication facts (as in List VI) 

When the children know the early facts they should be intro- 
duced gradually to the multiplication process itself. There is no 
need to wait until the later facts are known, provided examples 
are chosen which use only the early facts. The children are 
familiar with the ideas of place-value and ‘carrying’, and so they 
can give their main attention to the process. (If necessary, 
squared-paper may still be used as an aid.) 

Here are the first five steps which, it is suggested, may be 
used in teaching the process. 


(a) No carrying ’ — For example: T.U. H.T.U. 

2 4 x 1 2 2 x 

2 4 

4 8 4 8 8 


(6) ' Carrying ’ to the tens-column only T.U. 
For example : 3 ® 

7~2 

i 


H.T.U. 

2 1 7 x 
3 

6 S 1 
2 
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(c) ‘ Carrying ’ to the hundreds-column 

H.T.U. 

H.T.U. 

only — For example: 

1 5 2 x 

3 

1 6 2 x 
4 


4 5 6 

l 

6 4 8 

2 

(d) ‘ Carrying' to both the tens- and 

H.T.U. 

H.T.U. 

hundreds-columns - For example: 

1 5 8 x 

3 

15 6 

4 


4 7 4 

6 2 4 


1 2 

2 2 

(e) Examples involving noughts — For example: 


H.T.U. H.T.U. H.T.U. 

H.T.U. 


1 2 0 x 4 5 x 104 

x 2 0 5 

X 

4 2 3 

4 


4 8 0 9 0 3 12 

8 2 0 



It will be seen that all these steps are worked through using no 
more than the sixty easy facts in List VI, page 83. 

It is advisable to insist upon standard phrases in working and 
setting down, particularly in these early stages. 

Here is a standard method of working the second example in 
step ( b): 

‘First multiply the units. 

Three sevens are twenty-one (2 tens and 1 unit). 

Put the “1” in the units-column of the answer and “carry” 


the “2” to the tens-column. 

Now multiply the tens. 

Three ones are three, and the two being J- U. 

carried make five. 2 1-7 x 

Put the five in the tens-column of the 3 

answer. -g — 5 j 

Now multiply the hundreds. < — 

Three twos are six. 


Put the “6” in the hundreds-column of the answer. 

The answer is six hundred and fifty-one.’ 

(2) Learning and using further multiplication facts 
While the children are getting used to the multiplication process 
by using the ‘facts’ they already know, they should also be 
learning further multiplication ‘facts’. Part of every lesson 
should be given to this work. 
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List VIII shows 169 multiplication ‘facts’, which the children 
must learn eventually, in order to be able to multiply quickly 
and accurately. The many ways in which these facts can be 
learned are given in further detail in Chapter XV : the gradual 
building up of tables, the learning of the separate facts through 
practice-cards (compare Figs. 43, 51, and 53, and pages 84 and 
102), flash-card games, and oral class-activities. The latter 
should take as many varied forms as possible. For instance, with 
the ‘table of fours’ : 

(i) Children say the table backwards, beginning ‘twelve 
fours are forty-eight’, ‘eleven fours . . .’, etc. 

(//) Children say the odd numbers only (1x4, 3x4, 
5x4, etc.), and then the even numbers only (2 x 4, 
4 x 4, 6 x 4, etc.). 

(///) Boys say the odd numbers, girls the even numbers, and 
vice versa. 

(See page 249 for further examples.) 

As each new set of facts (see Chapter XV, pages 256-60) is 
learned they should be used in actual multiplication examples. 
These examples should cover the same five steps with which the 
children are familiar, namely, short multiplication : — 

(a) Without ‘carrying’. 

(b) ‘Carrying’ to the tens-column only. 

(c) ‘Carrying’ to the hundreds-column only. 

(d) ‘Carrying’ to both the tens- and hundreds-columns. 

(e) Examples involving noughts. 

In this way the children get further practice both in ‘fixing the 
facts’, and in using the multiplication process. 

C — Quick multiplication by 10, 20, 30 . . . 90 
( 1) Multiplying by 10 

When the children are building up the ‘table of tens’, they probably 
notice that each product has a nought at the end. When they 
come to short examples in which the larger numbers are multi- 
plied by ten (for example, 26 x 10; 135 x 10), again they find 
that the last figure of the answer is always a nought. 
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Having drawn attention to this, some teachers unwisely go 
on to give a ‘rule’: ‘to multiply by ten we just put a nought at 
the end of the number’. To do so is unwise because children may 
be led to apply the ‘rule’ without understanding, and thus to 
make mistakes later. Moreover, a good chance to help children's 
understanding is missed, for it is possible to point out the real 
principle. This important principle, which helps children’s 
understanding of future work (particularly in decimals), may be 
stated thus: ‘when a number is multiplied by ten, the answer has 
the same figures but they are one place to the left and there is a 
nought in the units-colwnn' . There is no need for children to 
learn the words of this statement. They should understand and 
learn to use the principle (for a ‘short method’ of multiplication 
by ten) through examples. 

Two useful methods for making the principle clear are: 

(a) An example, such as that shown here, is first worked on 
squared-paper in the usual way (that is: ‘Ten 


threes are thirty; put a nought in the units- 
column and carry the three tens . . .’ etc.). We H. 

T. U. 

— 

then say: ‘Look at the number. Now look at 

4 

3 

X 

the answer. A three is still there but it is one 

1 

0 


place to the left. A four is still there, but it is 4 

Tl 

0 


also one place to the left. There is a nought in 

T 




the units-column.’ 

The multiplication is now done again, but this time we think 
of the ten as ‘1 ten’. In other words we multiply by the T’. But 
since this is one ten, our answer must begin in the tens-column. 
We go on : ‘Once three is three. Put the three in the tens-column. 
Once four is four. Put the four in the hundreds-column. There 
are no units so we must put a nought in the empty space in the 
units-column.* The answer, as before, is four hundred and 
thirty. What has happened? The three in the units-column was 

* The symbol for nought is necessary in our number system to indicate the 
position, and therefore the \aluc, of oilier figures. Before the use of place-value 
was introduced in about the ninth century A.n., a dot (•) was used to indicate an 
empty column. Later, a small ring was put round the dot (0) to make sure it 
was not overlooked. Then the dot came to be left out, and the ring became our 
present-day figure nought (0). 
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multiplied by ten, so there is now a three in the tens-column. 
The four in the tens-column was multiplied by ten, so there is 


now a four in the hundreds-column. A nought 
has been put in the units-column.’ 





( b ) The second method also begins with the 

H. 

T. 

U. 

X 

working of an example by the usual process. 


4 

3 

An apparatus (Fig. 91)* is then used to show 


I 



how the same (correct) answer can be got 

T 

3 

T 


quickly by moving the figures of the number 
one place to the left and putting a nought in 




! 


the units-column. We say: ‘We have multiplied forty-three by 


(*) (0 





FIGURE 91.— The ‘place-value’ slide: (a) (i) the frame, (ii) the runner. ( b ) The 
runner in the slide, showing the number 43. (c) The runner moved along to show 
430, i.e. 43 multiplied by 10, the 4 having moved from tens to hundreds, the 3 
from units to tens, and a nought appearing in the units 

(For construction of apparatus, see page 474) 

ten and found that the answer is four hundred and thirty. Now 
look at this: it shows how we can get the answer very quickly. 

• This apparatus may be used equally well to show division by ten of numbers 
which have a nought in the units-column. Details for the making of the apparatus 
are given on page 474, and its use in the teaching of decimals is described on 
pages 404 5. 
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Here we have forty-three. If we slide the strip along one place 
to the left, the three units become three tens, and the four tens 
become four hundreds. We write a nought under “units” and 
there is the answer, four hundred and thirty.’ The figures are 
then rubbed out and several more examples are shown. 

(2) Multiplying by 20, 30 ... 90 

Once the children have grasped how to multiply by ten, they 
should be able to go on to multiply by twenty, thirty, etc. They 
know that when we multiply by ten we multiply by the one 
(remembering that the ‘1* is one ten) and we begin the answer 
in the tens-column. The empty units-place is then filled with a 
‘O’. 

In the same way when we multiply by twenty we think of it as 
two tens. Therefore we multiply by the ‘2’ in the tens-column 
and begin our answer in the tens-column. The working for this 
may be: 

‘We begin by multiplying by the two tens. 

Two threes are six. H. T. U. 

Put the “6” in the tens-column of the answer. 4 I 3 

Two fours are eight. 2 j 0 

Put the “8” in the hundreds-column of the . - Z- t — ■ 

answer. 8 6 0 

Put a “0” in the empty units-column. 

The answer is eight hundred and sixty.’ 

D — Long Multiplication 

When it becomes necessary for children to multiply by numbers 
greater than twelve it is no longer possible to use short multi- 
plication. They do not know the facts beyond those that occur 
in the ‘table of twelves’. The idea of long multiplication must 
now be introduced. 

(/) Multiplying by two-figure numbers (13-99) 

The children are asked to do an example like this. They quickly 
realize that they cannot do it in the usual way be- 2 3 x 

cause they do not know the ‘table of thirteens’. So 1 3 

we then say: ‘Let us leave this example alone for a 
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2 3 x 
1 2 


2 7 6 


2 3 

2 

4_6 

2 3 
1 0 


2 times 23 


while. We will come back to it presently. Let us look at an 
example you have done before, such as this. You can all multiply 
by twelve. Let us do it.’ 

The example is worked with the class on the black- 
board. We then go on: ‘Let us see if we can do this 
example in a different way. What is another way of 3 
thinking of twelve? One ten and two units. Can we multiply 
the twenty-three by the two units and by 
the one ten separately? 

‘Let us do it. First by two. And now by 
ten. Now we have two times twenty-three 
and ten times twenty-three. If we add them 
together, we have twelve times twenty-three. 2 3 0 10 times 23 

‘Let us do it. We see that, using the new 
method, we get the same answer as when we multiplied by the 
twelve straight away.’ 

We now have to go through the same 
three steps with the example (namely, 

23 x 13) which the children could not do at 
first. The children see that the thirteen times may be thought 
of as three times and ten times. They work out the two multi- 
plications and then add the results. 

Now we have to set down these three 
steps in a shorter form as shown. It is im- 
portant to make sure that the early examples 

at this stage do not contain ‘carrying’ — 

difficulties. The children should be free to concentrate on the 
new process itself. We should choose examples where the 
actual calculations are as simple as possible. 

The process of multiplying by two-figure numbers which 


4 6 
2 3 0 
2 7 6 


2 times 23 
10 times 23 
12 times 23 


2 3 

X 

1 3 


6 9 

3 times 23* 

2 3 0 

10 times 23 

2 9 9 

13 times 23 


* Note — There is sometimes disagreement among teachers as to whether 
children should be taught to multiply first by the three units and then by 
the one ten or vice versa. There is little evidence to show which is prefer- 
able. It does not matter which comes first if the children understand what 
they are doing. The important thing is that the same method should be used 
throughout the school. Children become confused and are led to make more 
mistakes if teachers in the same school demand different methods of ’ procedure 
in different classes. 
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contain more than one ten (for example, 27, 49, etc.) follows 

the same pattern. (The children already know how to multiply 

by 20, 30 . . . 90.) A typical example is shown here: 

(It will be noted that this example again 

does not require ‘carrying’. When, later, ‘ 4 ’ 1 ‘x 

examples are used where ‘carrying’ be- 2 3 

comes necessary, the children should be ! 2 \ 3 times 41* 

, V 8 2 0 20 times 41 

encouraged to carry in their heads to ^ 4 3 23 times 41 

avoid confusing the carrying figures with 

the figures of the example itself. The less able children, however, 

may still need to use small neat ‘carrying’ figures to help them.) 


Th.H.T.U. 

4 3 X 
1 0 0 
4 3 0 0 


(2) Multiplying by three-figure numbers 

(a) Multiplying by 100,200 . . . 900 — We should repeat, briefly, 
the work on multiplication by ten (page 193). Then, using the 
same methods, we should show the children the quick and easy 
way of getting the answer when multiplying by a hundred. The 
‘place-value slide’ (Fig. 91, page 195) makes it 
quite clear that the answer has the same figures 
as the number we start with, but now they are two 
places to the left, and with noughts in the tens- 
and units-columns. In the example given here, 

43 x 100, the three units become three hundreds and the four 
tens become four thousands. 

To go on from multiplication by a hundred to multiplication 
by two hundred, three hundred, etc., needs only the same steps 
as in going from ten to twenty, thirty, etc. (page 196). 

(b) Multiplying by numbers from 101 to 999 f — The use of three 
figures is merely an extension of the 
work done previously. We should 
remember that, as each new step is 
begun, we must take care to avoid 
the difficulties of ‘carrying’. However, 3 

‘carrying’ should be included after the 3 

children have succeeded in mastering 

the new step. For instance, the first examples in working this 
step are of this kind (where the children do not have to carry 
while they arc multiplying). 


3 2 

l 2 

9 6 

4 2 
1 0 
4 8 


3 times 321 
20 times 321 
100 times 321 
123 times 321 


• The writing down of 4 3 times 41’ etc. is omitted when the children are used 
to the idea of long multiplication. 

t The need for such multiplication is rarely met. We should not spend much 
time on it. 
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Some children find difficulty with examples where a nought is 
contained in the tens-column of the multiplier. The trouble 
often arises when they have been 
working on examples in which it is 10 7 

necessary to make three multiplica- , 8 , 3 7 times 259 

tions. But, if they have understood 2 5 9 0 0 100 times 259 

the previous work, they realize that 2 7 7 1 3 T07 times 259 

in such an example as this there are 

only two multiplications : there is no need to multiply by the 
nought. 


E — Multiplication by factors* 

It may be noticed, perhaps with surprise, that multiplication by 
factors! has not been discussed. This omission is deliberate. It 
is not absolutely necessary for the children to know the method, 
and it is umvise to introduce it, at this stage, since the use of two 
different methods of multiplication nearly always leads to con- 
fusion. Moreover, many numbers do not lend themselves easily 
to multiplication by the factor method. 

The more able children may be introduced to the factor 
method as a convenient way of dealing with special examples 
which arise in oral and written problems. For example: ‘How 
many hours are there in the month of August (31 days)?’ The 
children can work this by multiplying thirty-one by twenty- 
four. They can also do it by thinking of the twelve-hour clock 
which goes round twice per day. In this case they multiply 
thirty-one by two, and then this result by twelve to find the 
number of hours. 

The factor method of multiplication is useful in later arith- 
metic, particularly when dealing with problems of money and 
measures. Children must also understand the idea of factors if 
they are to go on to a study of algebra. 


* One number is sa:d to be a factor of another when there is no remainder 
after division. Thus 3 is a factor of 12. So are 2, 4 and 6, since each 
divides twelve exactly, i.e. without remainder. 6 9 2 

t For example to multiply 692 x 132 by the factor method we I | 

multiply 692 by 1 1 and then multiply this result by 12, like this. (In — Y‘t~\ ^ 

any case, how often do we find this kind of example in everyday life? I ^ 

It is doubtful, to say the least, whether children in primary schools — — 

should ever be asked to work it out.) 9 * 3 __7 
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F — Some common errors made by children in 
the multiplication process 

The diagnosis* of children’s mistakes in multiplication will 
depend upon whether we have the time and the ability to deal 
with the individual. A great deal can be done by carefully analys- 
ing the children’s test-papers, but a far more accurate diagnosis 
can be made if we are able to listen to the individual child 
working through his multiplication exercise — that is, if we 
know what to look for. 

Here are the most common errors made by children, with 
possible causes and suggested remedies : — 

(a) Mistakes arising from an imperfect knowledge of the 
multiplication facts. This requires very careful testing, followed 
by practice on the facts not known (see pages 191-3). 

( b ) Mistakes arising from ‘carrying’. These often occur 
because of the necessity, in long multiplication, to do a great 
deal of calculation ‘in the head’. If the teacher is sure that the 
child understands the principle of ‘carrying’ (see pages 152-3) 
then ‘carrying’ mistakes are most frequently due to lack of con- 
centration. The child finds the calculation too difficult and loses 
his place. It is probable that this is an indication that the child 
is being given work for which he is not ready. He should be put 
back to an easier level. 

A particular case of difficulty in ‘carrying’ arises when chil- 
dren have to multiply by eleven or twelve and, for the first time, 
they meet examples (if such are really necessary!) in which 
they have to ‘carry’ numbers greater than nine, 
as in the one shown here. This should be treated 3 9 9 x 
as a separate step and the children should be given 1 2 
ample practice in dealing with this kind of ,, j- 0 - 
example.f (See Analysis 3, page 203.) 

(c) Mistakes due to carelessness in simple addition. For 

* A doctor makes a ‘diagnosis’ of a patient's illness (that is, tries to find out 
what is causing the illness) by examining the patient’s body and listening to what 
he has to say. In the same way a teacher can make a ‘diagnosis’ of a child’s 
mistakes in arithmetic by examining his written work and listening to him working 
examples aloud. 

f Some children, of course, see that this particular example can be done by a 
much quicker method. 
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example, a child says: ‘Four nines are thirty-six, and five make 
forty-two’ (instead of forty-one). Quick oral practice should be 
given in answering questions such as ‘five nines and eight?’ The 
‘clock-game’ (Chapter XV, page 249) can be used for this kind 
of practice. 

(d) Mistakes with noughts. These include multiplication facts 
which are confused with addition facts. (For example, a child, 
thinking of 7 + 0 = 7, says or writes incorrectly 7 x 0 = 7.) 
Further practice should be given to help the children to under- 
stand and remember the various nought facts. 

(e) Mistakes caused by the incorrect setting down of the 
example. For instance, 464 x 37 may be set 

down incorrectly. Sometimes this leads to the 4 6 4 Incorrect 
mistake of multiplying by a seven and a three 3 7 
instead of by a seven and a thirty. This is often 
due to a lack of understanding of place-value. The child should 
return to the use of squared-paper and H.T.U. notation until 
he no longer makes the error. 


G — Summary of points to remember in teaching multiplication 

1. A suitably graded scheme, such as that described in this 
chapter and analysed on pages 203-11, should be fol- 
lowed. 

2. The multiplication ‘facts’ should be learned so that children 
can use them quickly and accurately. 

3. At every stage examples in ‘problem’ form should be given, so 
that the children become familiar with the words and phrases 
which show that multiplication must take place. 

4. Practical examples and everyday situations should be used 
whenever possible to illustrate the use of multiplication. 
This is particularly important in the early stages. 

5. Squared-paper may be used in the early stages, and when new 
steps are being taught, to help the children set down their 
work correctly. 

6. Standard phrases in working, and standard methods of 
setting down, should be insisted upon, particularly in the 
early stages. (When the children have learned to work 
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accurately they should gradually be allowed to work in their 
own way, so as to increase their speed.) 

7. Careful records should be kept of each child's progress. 
Errors should be carefully examined so that help can be 
given in order to put matters right as quickly as possible. 



Suggested stages and steps in the teaching of multiplication 
(see Chapters VII and XIII) 
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SOMETHING TO THINK ABOUT— 5 

(Division) 


When children know the processes of addition, sub- 
traction and multiplication, it is easy to teach them how 
to work out examples of division by following a set 
method of working. But this does not mean that they 
are certain to understand the nature of the division 
process. Many children fail as soon as they are faced 
with an example which does not follow the usual pat- 
tern, or is not stated in the usual way. 

Let us consider the following examples: 

(a) Fifty-six bananas are shared between eight boys. 
How many will each boy receive? 

(b) How many boys can be given eight bananas from 
a basket containing fifty-six? 

(c) How many eights must I add together to make 
fifty-six? 

(d) How many times can I take away eight from fifty- 
six? 

(e) By what must I multiply eight to make fifty-six? 

(/) How many pieces, each eight inches long, can be 

cut off a length of rope fifty-six inches long? 

Each of these examples can lead to the expression 
56 -T- 8 = 7, though the words used to indicate that 
division takes place are: ‘shared’, ‘given’, ‘add together’, 
‘take away’, ‘multiply’, and ‘cut off’. Indeed some of 
these words appear to indicate the other processes. Let 
us see how some of these examples may be worked out 
practically: 

(a) A banana may be given to each boy in turn until 
all the bananas are given out. Each boy receives seven 
bananas. This is a method of continuous subtraction by 
ones. 
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(b) Eight bananas may be taken from the box and 
given to a boy. Then, another eight are given to another 
boy until all the bananas are given out. Seven boys 
receive bananas. This is a method of continuous sub- 
traction in groups. 

( c ) and (e) A series of ‘8Y may be added together 
until the total becomes fifty-six. Seven eights are 
needed. This is a method of continuous addition in 
groups. 

(d) and (/) Eight may be taken from fifty-six. Then 
eight is taken from the answer, and so on until nothing 
is left. Eight is taken away seven times. This is a method 
of continuous subtraction in groups as in example (6). 

If we look closely at the methods used, we see that 
either: 

(0 The ‘56’ is split up into ‘8’ equal parts , and the 
number in each part is found. 

or (it) The ‘56’ is arranged in groups of eight and the 
number of groups is found. 

We can express what has been done in the division 
form 56 -r 8 — 7. 

This two-fold aspect of division may be made clearer 
by a diagram : 



8 

= 

■an 



■■■ 

This tells us 


This gives the 
answer to 

EITHER 


EITHER 

The number 


How many in 

of parts 


each part? 

OR 


OR 

The number 


How many 

in each part 


parts are 
there? 


You, as a teacher, were able to give the answers 
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quickly to the six questions at the beginning of this 
section because: 

(a) You understood what the question said. 

( b ) You knew and understood all the forms of the 

fact 7 x 8 = 56 (that is, 7 x 8 = 56, 8 x 7 = 56, 
56 = 8 x 7, 56 = 7 x 8, 56 7 = 8, 56 -r 8 = 7). 

(c) You could see that there was a relationship be- 
tween the information given in the question (that is, 
what the question asked) and the fact 7 x 8 = 56. 

( d) You could select the form of the fact most ap- 
propriate to the question (that is, 56 -r 8 = 7). 

But it is not so easy for children to get this under- 
standing of division until they also have been given the 
right kind of experiences and teaching. They will not 
fully understand until : 

(/) They have learned, through their knowledge of the 
multiplication ‘facts’, how a number can be split up 
into various equal groups. (For example, twenty-four 
may be grouped as three eights, eight threes, four sixes, 
six fours, two twelves, and twelve twos.) They are then 
able to see that if they know the fact 3 x 8 = 24 they 
also know the facts 24 -f- 8 = 3 and 24 -r 3 = 8. 

(h) They have dealt with many practical situations 
which lead to division, such as sharing, grouping, 
measuring off, etc. (see Chapter VIII for division 
activities). 

(iii) They have had a great deal of practice in speak- 
ing, listening to, and reading the language which tells 
them that division is involved. For instance, they begin 
to realize that though words like ‘add’ or ‘subtract’ may 
be used in the ‘problem’, they are really dealing with 
the idea of equal groups and that the answer is most 
easily obtained through division. 



CHAPTER XIV 


LEARNING MORE ABOUT DIVISION 

In Chapter VIII methods of introducing children to the idea of 
division are discussed, together with activities which lead to a 
knowledge of the early division facts. It is suggested that the 
teacher refreshes his memory of Chapter VIII before going on 
with this chapter, since the children’s further progress depends 
upon how well they understand the early work. 

Of the four basic processes in arithmetic, division may be 
regarded as the least important from the point of view of every- 
day use. It is less often needed in daily life, being mainly con- 
cerned with the sharing of money and calculating the cost of one 
article when the price of several is given. It is also used occasion- 
ally in measuring. For example, a man may use it in finding the 
number of posts needed to make a long fence. 

It is necessary, nevertheless, for children to be able to divide 
quickly and accurately if they are hoping to go on to a further 
study of mathematics and science. 

A — Setting down the division process ( long or short form?) 

It is suggested in Chapter VIII that, from the start, children 
should be shown the long torm of setting down the division 
process. 

The thinking and the steps involved, in an example of division, 
arc the same, whether the division is recorded in a long or a 
short form. In short division, however, some of the steps are 
not written down: children do the working ‘in their heads’. 
For some children, this increases the possibility of error. It is 
also more difficult for the teacher to decide why a child has 
obtained a wrong answer. Again, the child who starts by using 
the short division method of setting down no sooner gets used 
to the method than he has to change to the long di\ ision form, 
in order to deal with larger numbers. 

It seems more sensible for children to learn long division 
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from the beginning, rather than to come to it later as a new 
process— just at a time when other new difficulties arise. The 
abler children may use short and less laborious ways of dividing, 
but we can help the majority by using long division from the 
start. This method has been shown to give more accurate results. 
It enables the teacher to find out more easily where the child 
goes wrong, if mistakes are made in the calculation. As the need 
arises at later stages, short methods of division can be intro- 
duced (for example, in changing pence to shillings, etc.). 


B — Learning the division facts and using them in the simple process 

In the work described in Chapter VIII children are helped to 
learn the ‘facts’, up to the division of twenty-four, by linking them 
with their knowledge of the multiplication facts. They also learn 
to use these facts in division examples which show a remainder. 
Similarly, while learning further multiplication facts the children 
also build up a knowledge of the corresponding division facts. 
For example, as they learn 7 x 8 — 56 they should also see 
that 56 -f- 8 -= 7 and that 56 7 = 8. In this way they should 

eventually build up a complete knowledge of the division facts 
shown in List IX, page 217. 

We should make sure that all these facts are known, so that 
the children are not hindered when dealing with the division 
process. A useful way of doing this is to arrange the facts into 
selected sets (as for the learning of previous facts) and to test 
the children on them. In this way we make sure that all the facts 
are covered and that mistakes can be corrected. (See also 
Chapter XV for ways of helping children to remember arith- 
metical facts.) 

The children should be given practice in using the facts they 
are learning, through simple examples of division where a 
remainder occurs. This not only strengthens their knowledge 6f 
the facts but also forms a basis for the working of further and 
more difficult examples. In examples where a remainder occurs 
the children begin to see the reason for the written working: it 
helps them to find the remainder. 
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LIST IX 


DIVISION FACTS 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

1)1 

1)2 

1)3 
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1)5 
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9 

10 

11 

12 
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2)18 

2)20 

2)22 
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3 
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6 

7 

8 

9 

10 

11 

12 
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3)18 

3)71 
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3)30 

3)33 

3)36 
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3 

4 
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7 

8 

9 

10 

11 

12 

4)4 

4)8 

4)12 

4)16 

4)20 

4)24 

4)28 

4)32 

4)36 

4)40 

4)44 

4)48 

I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

5)5 

5)10 

5)15 

5)20 

5)25 

5)30 

5)35 

5)40 

5)45 

5)50 

5)55 

5)60 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 
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6)24 
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6)36 

6)42 

6)48 

6)54 

6)60 

6)66 

6)72 
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2 

3 

4 
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6 

7 

8 

9 

10 

11 

12 

7)7 

7)14 

7)21 

7)28 

7)35 

7)42 

7)49 

7)56 

7)63 

7)70 

7)77 

7)84 
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2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 
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8)72 

8)80 

8)88 

8)96 
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3 

4 

5 

6 

7 

8 
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10 

11 

12 
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9)18 

9)27 

9)36 

9)45 

9)54 

9)63 

9)72 

9)81 

9)90 

9)99 

9)108 

I 
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11 

12 
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10)30 
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10)100 

10)110 
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7 

8 

9 

10 

11 

12 
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11)33 

11)44 

11)55 

11)66 

11)77 

11)88 

1 1 )99 

11)110 

11)121 

11)132 

1 
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3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

12)12 

12)24 
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1 2)48 

12)60 

12)72 

12)84 

12)96 

1 2)708 

12)1 20 

12)132 

12)144 
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0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1)0 

2)0 

3)0 

4)0 

5)0 

6)0 

7)0 

8)0 

9)0 

10)0 

11)0 

12)0 


Here is an example of how the working, at this stage, is set 
down. 

It is a good thing if, from the begin- 
ning, children learn to use standard 
phrases and standard methods of work- 
ing. These make it easier to understand 57 ~ 9 = 6 > and 3 over 
and follow the steps in the process. In the example shown, a 
suggested standard working is : 

‘How many nines in fifty-seven? — Six. 

Put the “6” in the units-column of the answer. 

Six nines are fifty-four. 

Put the “54” under the “57” and take away to find what is 
left over. 


6 

9)5 7 
5 4 
3 
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Four from seven leaves three. 

Put down the “3”. 

Five from five leaves nothing. 

The remainder is three. 

The answer is: six, and there are three over.’ 

It cannot be over-emphasized that the basic ‘fact’ must be 
known if accuracy and speed are to be achieved in later work. 
We are well advised not to hurry over this stage, but to make 
sure, by adequate oral and written testing, that these facts are 
known and can be used in the simple process. Suitable oral and 
written work should be devised to ensure that children know 
when to divide and why they are dividing: for instance, examples 
are regularly given where they can see clearly that the required 
answer can be arrived at by dividing. Here are two examples of 
the kind suggested : 

(/) Suppose we are going to have some new tables for the 
class room. Eight children can sit at a table. There are forty 
children in the class. How many tables shall we need? 

(/'/') There are fifty-nine days till the end of the year. How 
many weeks and days is this? 

C — Using known facts to divide larger numbers 
The stage is now reached when children are going to divide 
bigger numbers (that is, numbers outside the tables) by using 
the division facts which they already know: for example, 79 -f- 2 
and 357 -r 2. They do not know the ‘table of twos’ beyond 
12 x 2 = 24, so they will have to deal with the ‘79’ as separate 
tens and units and the ‘357’ as separate hundreds, tens and units. 

(/) Dividing tens and units only ( by numbers up to 12) 

(a) Remainders in both tens and uni's* — It is suggested that this 

* Note — It will be noticed that the steps in teaching are given in the 
following order: 

(a) Remainders in both tens and units; for example, 79 4- 2. 

(b) Remainder in the tens only; for example, 72 4 - 3. 

( c ) Remainder in the units only; for example, 87 4- 4. 

(</) No remainder in either the tens or units; for example, 69 — 3. 
Some teachers reverse this order. It is chosen here, however, because 
experience has shown that: 

(/) It enables the children to get used to the method of setting 
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work should be introduced orally, with many examples worked 
out on the blackboard. For 79 -r- 2, for instance, we say: 
‘Seventy-nine is seven tens and nine units. We have to divide by 
two. So we begin by dividing the seven tens by two and then go 
on to divide the units. Let us put it down.’ We then work the 
example aloud with the class. 

‘First deal with the seven tens. 

How many twos are there in seven? — Three 
(three twos are six). 

Put the “3” in the tens-column of the answer, 
and put the “6” down under the “7”. 

Take away to find how many tens are over. 

Six from seven leaves one. 

Put down the “1”. 

Now deal with the units. 

Bring down the nine units to the side of the 
one ten, making “19” (that is, nineteen units). 

How many twos in nineteen? - Nine (nine twos are eighteen). 

Put the “9” in the units-column of the answer, and the “18” 
under the “19”. 

Take away to find what is left over. 

There is one left over. 

Put down the “1”. 

The answer is : thirty-nine and there is one over.’ 

It is important to encourage correct habits from the start. So 
this kind of standard working should be insisted upon and many 
similar examples should be given before going on to the next 
step. 

(b) Remainders in the tens only — In examples of this type 
(72 — 3) the suggested working is: 

‘First deal with the seven tens. 

How many threes are there in seven?— Two (two threes are 
six). 

Put the “2” in the tens-column of the answer, and put the 
“6” under the “7”. 

down the working when the tens and units are being divided 
separately. 

(«) It postpones the examples which cause difficulty to some children, 
nameiy those in which empty spaces appear because there are no 
remainders. 
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Take away to find how many tens are over. 

Six from seven leaves one. 

Put down the “1”. 

Now deal with the units. 

Bring down the two units by the side of the 
one ten, making “12” (that is, twelve units). 

How many threes in twelve?— Four (four 
threes are twelve). 

Put the “4” in the units-column of the answer, 
and the “12” under the “12”. 

Take away to find what is left over. 

There is nothing left over. 

The answer is: twenty-four.’ 

(c) Remainders in the units only — In examples of this type 
(87 — 4) the suggested working is: 

‘First deal with the eight tens. 

How many fours in eight?— Two (two fours are eight). 

Put the “2” in the tens-column of the answer, and put the 
“8” under the “8”. 

Take away to find how many tens are over. 

Eight from eight leaves nothing. 

There is nothing left over in the tens. 

Now deal with the units. 

Bring down the seven units. 

How many fours in seven? — one (one four is 
four). 

Put the “1” in the units-column of the answer, 
and the “4” under the “7”. 

Take away to find what is left over. 

There are three left over. 

Put down the “3”. 

The answer is : twenty-one and there are three over.’ 

(d) No remainder in either tens or units* — In this type of example 
(69 -h 3) the suggested working is : 

‘First deal with the six tens. 

How many threes in six? — Two (two threes are six). 

• This step may appear to be easier than the previous steps because there are 
no remainders. But if children begin with this type of example they often see no 
reason for having to put in all the working. As they find later, the working is really 
necessary: for instance in an example like 4864 -i- 16. See also the footnote on 
pages 218-19 
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Put the “2” in the tens-column of the answer, and put the 
“6” under the “6". 

Take away to find how many tens are over. 

Six from six leaves nothing. 

There is nothing left over in the tens. 

Now deal with the units. 

Bring down the nine units. 

How many threes in nine? — Three (three 
threes are nine). 

Put the “3” in the units-column of the answer 
and the “9” under the “9”. 

Take away to find what is left over. 

There is nothing left over. 

The answer is: twenty-three.’ 

(e) Examples when a nought occurs in the units-column of the 
answer — This step introduces the children to the method of 
dealing with the working when a nought appears in the answer - 
that is, when subtraction is unnecessary (e.g. 62 -r 3): 

‘First deal with the six tens. 

How many threes in six?- Two (two threes 
are six). 

Put the “2” in the tens-column of the answer, 
and put the “6” under the “6”. 

Take away to find how many there are over. 

Six from six leaves nothing. 

There is nothing left over in the tens. 

Now deal with the units. 

Bring down the two units. 

How many threes in two? — None. 

Put a “0” in the units-column of the answer. 

The “2” is left over. 

The answer is : twenty and there are two over.’ 

(2) Dividing hundreds , tens and units 
The children are dividing by numbers up to twelve and are now 
extending the work to hundreds, tens and units. 

It is strongly advised that squared-paper and the H. T. U. nota- 
tion are used in all this work. This helps the children to keep their 
working in the correct columns and to understand the steps in the 
process. 





222 


TEACHING OF ARITHMETIC 


The first four steps are in the same order as was followed 
with tens and units, and are dealt with in the same way: 

(i a ) Remainders in hundreds, tens and units; for example, 
716 -T- 3. 

(b) Remainders in two columns only; for example, 976 - 4 - 8 , 
849 ~ 7, 697 -4- 6. 

(c) Remainders in one column only; for example, 955 5, 

798 4- 7, 847 -4 4. 

( d) No remainder in any column; for example, 696 - 4 - 3. 

There is then a fifth case to consider: 

(e) Examples where a nought occurs in the answer. 

(i) A nought occurs in the tens-column of the answer in an 
example like 617 — 3. The suggested method of working is: 

‘First deal with the six hundreds. 

How many threes in six? — Two (two threes are 
six). 

Put the “2” in the hundreds-column of the answer, 
and the “6” under the “6”. 

Take away to find how many hundreds are over. 

Six from six leaves nothing. 

There is nothing left over in the hundreds. 

Now deal with the tens. 

Bring down the “1”. 

How many threes in one? — None. 

Put a “0” in the tens-column of the answer. 

There is one ten left over. 

Now deal with the units. 

Bring down the “7” to the side of the one ten (making “17” 
units). 

How many threes in seventeen? — Five (five threes are 
fifteen). 

Put the “5” in the units-column of the answer and the “15” 
under the “17”. 

Take away to find what is left over. 

There are two left over. 

The answer is two hundred and five, and there are two over.’ 

(k) In the example shown (347 - 4 - 5) on page 223 the nought 
occurs in the hundreds-column of the answer. 


H.T.U. 
2 0 5 

3)6 1 7 
_6 

1 7 
1 5 



LEARNING MORE ABOUT DIVISION 223 

Looking first at the hundreds figure (the ‘3’) the children see 
that there are no fives in three. They therefore put a 
‘O’ in the hundreds-column of the answer.* They now 
consider the first two figures- the ‘34’ (that is, thirty- ^ 3~4~T 
four tens). Now they begin again: ‘How many fives 3^0 
in thirty-four?’ and go on as before. £ 7 

It will be seen that when children can do this type — 2 

of example, they may begin to get their first practice 
in dividing by iwo-figure numbers (that is, by ten, eleven, and 
twelve). 

(iii) An example of the kind shown here (605 -f 3) sometimes 
causes trouble, but there should be little difficulty if the child 
understands what he has been doing in each step of the process. 
However, we should arrange for adequate practice. 

In this example ‘O’ occurs in the tens-column of the answer, 
and another ‘0’ in the tens-column of the number to be divided. 
The suggested method of working is: 

‘First deal with the hundreds. 

How many threes in six? — Two (two threes are six). h.T.U. 

Put the “2” in the hundreds-column of the answer, 2 0 l 
and “6” under the “6”. 3 ) 6 0 5 

Take away to find what is over. 6 

Six from six leaves nothing. 0 

Now deal with the tens. — - 

Bring down the “0” in the tens-column. How many 

threes in nought? — None. 

Put a “0” in the tens-column of the answer. There cannot be 
any remainder in the tens. 

Now deal with the units. 

Bring down the “5” units. 

How many threes in five? — One (one three is three). 

Put the “1” in the units-column of the answer, and the “3” 
under the “5”. 

Take away to find what is over. 

There are two left over. 

The answer is: two hundred and one, and there are two left 


H.T.U. 
2 0 1 
3)6 0 5 


* Putting the ‘0* in the hundreds-column of the answer ensures that the ‘6* 
goes into its right place. When the children are used to this kind of example 
they can stop putting in the ‘0\ The final answer should be expressed as 
‘sixty-nine, and two over’ and written as ‘69, and 2 over’ ( not 069). 
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(3) Quick division by ten 

In division by ten the place-value slide (Fig. 91, page 195) is a 
useful means of showing how to find the answer quickly. For 
instance, ‘What is 368 divided by 10?’ We write 368 in the 
correct position on the slide. We move it one place to the right : 
the ‘3’ is now in the tens-column, the ‘6’ in the units-column, 
and the ‘8’ is ‘left over’. Thus the answer is ‘36 and 8 over'. 
This follows easily from the earlier work on place-value. At a 
later stage the idea is readily extended to division by a hundred, 
etc. (In due course we may go on to decimals, when the example 
mentioned here gives the answer 36-8.) 

D — Dividing by the easier two-Jigure numbers 
(20, 21, 22^ 30, 31, 32; . . . 90, 91, 92) 

By this time children should be used to the steps in the method 
of working long division, and should understand what they are 
doing at each step. The stage is now reached when the teacher 
can gradually introduce division by numbers greater than twelve. 
This is an important stage because, for the first time, the children 
have to work examples where their knowledge of the primary 
division facts is not enough to enable them to get the answer. 
They must be introduced to the idea of ‘trying out’ the division 
at each step. 

(7) Introducing the idea of ‘trying out' 

The teacher should return for a while to examples of division 
by ten, and should point out that counting in tens can be helpful 
in dividing by ten. In other words, counting in tens is a short 
way of saying the ‘table of tens’, and this is helpful in dividing 
by ten. 

The children should then be given practice in counting in 

twenties, that is: ‘Twenty, forty, sixty, eighty’, etc. 

This counting ability may now be used to divide — . — 1 

, , b 2 0) 146 

by twenty. 14 0 

In the example shown the children see that they 6 

can get the answer by counting in twenties. They 

say: ‘Twenty, forty, sixty, eighty, a hundred, a hundred and 
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twenty, a hundred and forty. There are seven twenties in a 
hundred and forty. Put the “7” in the answer and the “140” 
under “146”. Take away, etc.’ 

The children should be given plenty of examples of this kind, 
and then the work should be extended to examples of division 
where counting in thirties and forties is necessary. 

The same examples should then be used to show the children 
how to divide by twenty without counting. They are introduced 
to the idea of letting the first figure of the twenty (that is the ‘2’) 
act as a guide in deciding how many times the ‘20’ will go. 


In the example shown the ‘2’ and the ‘6’ may 
be written on the blackboard in coloured 
chalks. 


3 

2 0 ) 6 5 
6 0 


20 

3 


It is pointed out the *2’ is two tens and the 5 60 


‘6’ is six tens. So that we can think: ‘How 


many two tens are there in six tens?’ or shortly: ‘How many 
twos in six?’ This gives us a guide to how many twenties there 
may be in sixty-five. That is three. So we try three (working it 
out at the side). Three twenties are sixty. We decide there- 
fore that ‘20’ will go into ‘65’ three times. We put the ‘3’ in the 
answer and take the ‘60’ from the ‘65’, etc. 

Further examples should be given in which the division is by 
21, 22, up to 91, 92. Each time the ‘trial’ answer is the correct 


one. 


The important thing for the children to remember in all the 
work where they are dividing by two-figure numbers is that they 
must try out the answer at each step. That is, having decided how 
many times one number ‘ might go’ into another, they must try 
it out by multiplication at the side of the example before making 
the decision that it ‘ will go’ that number of times. Teachers 
should see that this procedure becomes a habit with the children. 

The detailed steps and types of example for this stage of 
division are given in Analysis 4 on pages 236-9. 


(2) ‘ Trying out' where the first ‘ try is not correct 

Now the children are shown an example where the first trial 

answer is eventually found to be incorrect. The example is 
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worked on the blackboard. The children first look at the ‘2’ and 
the ‘6’ to find a trial answer. They say: ‘It 
might go three times because there are three 
twos in six. Let us try it. Three times twenty- 
one make sixty-three. This is too many because 
we only have sixty-one. Let us try two. Two 
times twenty-one make forty-two. This “will 
go”. We put a “2” in the answer, etc.’ 

The necessity to ‘try out’ becomes clearer 
when they come to examples such as the one 
here. The first figure in the answer might 
appear to be ‘7’ (since there arc seven twos in 
fourteen), but when tried out this is found 
to be too big. On a further trial ‘6’ is found 
to be the correct figure. 

E — Dividing by the more difficult two-figure numbers 
Children can now be introduced to the idea of arriving at a 
suitable trial answer by increasing or decreasing the number 
they are dividing by until it reaches a ‘round figure’, that is, 
the nearest number of tens. For example, for the purpose of 
finding a trial answer: 

nineteen is thought of as twenty; 

twenty-one, twenty-two, twenty-three, twenty-four are thought 
of as twenty; 

twenty-five, twenty-six, twenty-seven, twenty-eight, twenty- 
nine are thought of as thirty. 

Thus, in the example shown (657 28) the ‘28’ is thought of 

as ‘30’ to find the first trial answer. It is easy to see that ‘30’ 


goes into ‘65’ twice. Twenty-eight is less than thirty. 

Therefore twenty-eight will also go into sixty-five 2 3 

at least twice. This is now ‘tried out’ and found to 2 8) 6 5 7 

’5 6 

be correct. Similarly when dividing the ‘28’ into the — ^ 7 

‘97’ it is seen that the trial answer is probably ‘3’ 8 4 

since ‘30’ goes into ‘97’ three times. This again l_3 

has to be ‘tried out’. 


The early examples should be chosen so that the method of 


_ 2 

2 1 ) 6 1 21 

42 J 
1_9 f>3 

21 

-) 

42 

to the children 
6 7 

2 I) 14 1 2 
1 2 6 
15 2 
1 4 7 
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increasing or decreasing does give a trial answer which is found 
to be correct. But later examples should be given 

where the first trial answer leads to a remainder 8 

which is ‘too big’. For instance, in the example 1 } 5 \ 

shown here the suggested working (thinking of 2 

the ‘19’ as ‘20’) is: " 

‘How many “2”s in “15”? — Seven. So we try seven. 

Seven nineteens make one hundred and thirty-three. 

If we take this away we find that there is a remainder of 
twenty-one. 

This is “too big” since we are only dividing by nineteen. 

We must try “8”. 

Eight nineteens make one hundred and fifty-two. 

If we take this away we find that there is a remainder of two. 

So we are sure that “19” goes into “154” eight times.’ 

It is essential to emphasize, in the division process, that we 
must never have a remainder which is greater than the number we 
are dividing by. If this happens the trial answer is not the true 
answer and we must look for another. 

It should be noted that some children have more difficulty 
with division by numbers ‘13’ to ‘18’ than with numbers such as 
‘43’ to ‘48’. This is because the trial answer, when dividing by 
‘16’ for example, is less likely to be the true answer than when 
dividing by ‘46’. It is probably wise to give extra help to the 
children when they have examples of division by numbers ‘13’ 
to ‘18’. 

Some teachers find it helpful to allow children to build up 
into a chart the tables of thirteens to nineteens for reference at 
this stage (see Chart II). 

Other teachers, at this stage, prefer to build up with the children 
a chart which helps them to find a trial answer quickly, but 
still requires them to do their own calculation and ‘trying out’ 
(see Chart III). For example: (/) How many ‘16’s’ in ‘126’? — 
‘126’ lies between ‘120’ and ‘130’. By reference to the chart it 
can be seen that ‘16’ goes into ‘120’ seven times and into ‘130’ 
eight times. Therefore ‘16’ goes into ‘126’ either seven or eight 
times. If eight times is tried out it is found to be ‘too big’. Seven 
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CHART II 


THE 

TABLES OF 13’s, 

14’s, 

15’s 

16’s, 

17’s, 18 

’s AND 19’S 

Times 

1 1 

2 

3 

4 

* 

! 6 

1 7 

8 

9 

13 

-t 

i 13 

26 

39 

52 

65 

! 78 

[ 91 

104 

117 

14 

1 14 

28 

42 

56 

70 

84 

98 

112 

126 

15 

15 

30 

i 45 

60 

i 

75 

IB 


120 

135 

16 

, 16 

32 

48 

64 

80 

1 

96 

i 

112 

128 

144 

17 

' r 

! 17 34 

51 

68 

85 

+ « 

119 

136 

153 

18 

18 

36 

54 

72 

90 

108 

126 

! 144 

162 

19 

j 19 : 

38 

57 

1 76 ; 

i i 

95 

• 114 

133 

152 

171 


CHART III 

a ‘trying out’ ( trial answer ) chart for divisions 
BY THE numbers 13 TO 19 



times is found to give the correct trial answer. (//) How many 
‘17Y in ‘145’? — ‘145’ lies between ‘140’ and ‘150’. By reference 
to the chart it can be seen that ‘17’ goes into ‘140’ and ‘150’ 
eight times. Therefore ‘17’ must go into ‘145’ eight times. 

These charts need only be used while the children are getting 
accustomed to the idea of ‘trying out’. When they become 
confident they should be encouraged as often as possible to look 
at the figures before them and use their own judgement. 
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F — Dividing by numbers of more than two figures 
Dividing by larger numbers should begin with simple examples 
of division by one hundred, two hundred, three hundred, up to 
nine hundred. The working of examples such as 695 200 

gives children confidence for dealing later with examples such 
as 695 178. Here a trial answer must be found by thinking 

of the ‘178’ as ‘200’. (In everyday life examples of this kind are 
seldom met. Children should not spend much time on them.) 

The children do not have to learn any new ideas at this stage 
of division but the teacher should be careful in the selection and 
grading of the examples for the children to do. A suggested 
grading is given in the Analysis, stage H, page 239. 

G — Common errors in division 

When a child gets an answer wrong, some teachers immediately 
assume either that the child does not know how to divide or 
that he does not understand the example. But this may not be 
so. It may be that the mistakes made are connected with the 
child’s lack of accuracy in using the basic facts. It may be that 
the child has some difficulty in addition, subtraction and multi- 
plication which are all involved in the division process. 

An analysis of the mistakes made in the division process by 
a large number of children has shown that : — 

(a) Almost half the mistakes are connected with the basic 
facts of addition, subtraction, multiplication and division. For 
example, a child may wrongly say : ‘ “8” 
from “13” is “6”.’ Again, he may say: 

‘How many “8’s” in “54”?’ and give 
the answer as ‘7’ instead of ‘6’. He says 
wrongly: ‘Seven eights are forty-eight.’ 

(Errors of this nature show that the 
child needs more practice in learning 
the basic facts.) 

( b ) Almost a quarter of the mistakes 
are connected with remainders at 
various stages of the process. For 
example, failure to ‘bring down’ a figure in order to complete 
the division, as shown here. The answer is given as twelve with 
a remainder of six. It should be one hundred and twenty-three 


l 

8)1 3 4 3 Incorrect 

8 subtraction 

6 

1 7 

8)1 3 4 3 Incorrect 

8 multiplication 

5 4 
4 8 
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with a remainder of ten. (The use of squared-paper, and insis- 
tence upon the use of the symbols H.T.U. to indicate place-value, 
help children who tend to make this 
kind of mistake: they can then see 
more easily that the division is not 
finished.) 

(c) Many errors arise when a nought 
occurs in any part of the process. For 
instance, in the examples shown the 
nought is left out of the tens-column in the answer. (When this 
kind of mistake is made the child should return for a while to 
the use of squared paper and H.T.U. symbols. This helps him 
to see that he has left a gap in the answer.) 


1 2 
1 9)2 3 4 
1 9 
4 4 
3 8 
6 


Incorrect 
because the 
‘7’ has not 
been dealt 
with. 


1 8 


1 7)1 


8 3 6 

2 

1 3 6 
1 3 6 


Incorrect 
because the 
nought has been 
left out of the 
tens-column of 
the answer, and 
the answer is 
stated as ‘18’ 
instead of ‘108’. 


2 5 


1 


7)1 8 0 1 
_4 
4 1 
3 5 
6 


Incorrect 
because the 
‘0’ has not 
been brought 
down, so that 
the answer is 
given as ‘25’ 
instead of ‘257’. 


(d) In other cases the mistakes do arise from a lack of under- 
standing of what division means, and of the process by which 
it is brought about. In these cases the teacher is recommended 
to return to the practical approach suggested in Chapter VIII, 
and to consider whether previous teaching of the process has 
been sufficiently carefully graded. (See Analysis 4, pages 232- 
239.) Children may become confused if some steps are missed 
out or are too quickly passed over. 


H — Summary of points to remember in teaching division 

1 . A suitably graded scheme (such as that given on pages 232- 
239) should be followed. 

2. The early work should be based on actual experience of 
division. 

3. At every stage examples in ‘problem’ form should be in- 
cluded so that children learn to understand statements which 
require them to divide. 

4. A perfect knowledge of the primary division facts is essential. 
They should be learned in association with the corresponding 
multiplication facts. 
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5. Squared-paper should be used at the beginning and when 
new steps are being learned. It helps the children to set down 
their work correctlv. 

6. Careful records should be kept of each child’s progress. 
Errors should be carefully examined so that help may be 
given in order to put matters right as quickly as possible. 

7. Standard phrases in working and standard methods of setting 
down should be insisted upon, particularly in the early stages. 
(When the children have learned to work accurately they 
should gradually be allowed to work in their own way so as 
to increase their speed.) 



ANALYSIS 4 

Suggested stages and steps in the teaching of division 
(see Chapters VIII and XIV) 
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CHAPTER XV 


TABLES— HOW TO ENSURE THAT THE 
‘NUMBER FACTS’ ARE KNOWN 

Teachers are often heard to say that they arc worried because 
their pupils ‘do not know their tables'. They usually mean that 
they think the children should already have ‘learned their tables' 
in earlier classes; and that, until they have learned them, 
further work in arithmetic is impossible. Hence, many teachers 
begin a big scheme of ‘table learning’ in a way which often 
frustrates both children and teacher, and may even end in 
thorough dislike of all arithmetic. Is this necessary? 

There are some famous men, able mathematicians and 
scientists, who found difficulty in ‘learning tables’ during early 
childhood. Without doubt, much of the trouble lay in the way 
the tables were presented. They were regarded as a necessary 
evil, and children were made to go through them again and 
again in the hope that, eventually, they would be able to repeat 
them perfectly. 

The modern teacher agrees that tables are necessary, but no 
that they arc an evil: they can be learned without drudgery and 
unhappiness. Hard work and repetition by both teacher and 
child arc needed, but hard work can be pleasurable. In fact, the 
modern teacher is well aware that learning is more effective and 
lasting when it is accompanied by pleasurable feelings, and that 
repetition is not dull if it is done through a variety of suitable 
activities. 


THE MEANING OF ‘TABLES’ 

What do we mean by a ‘table’? We mean simply a list of 
separate but related arithmetical facts arranged in a definite 
order. And it is the separate facts which arc important and must 
be learned. The table is merely a convenient and systematic way 
of presenting the facts in related form. 

When learned, the facts themselves make arithmetical calcula- 
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tion quicker and easier. They provide both the tools and the 
material of arithmetic. Just as a builder may use a trowel, 
bricks and mortar, in building a house, so we use number facts 
to build up our arithmetical processes. When the facts are not 
known thoroughly, the tools are broken or missing and the 
bricks badly made. Then the house of arithmetic is likely to fall 
down, or, more probably, it will never be built at all. 

When we speak of ‘tables’ we often refer only to the multiplica- 
tion tables, but we must not forget the others. All the ‘primary 
facts’,* in addition, subtraction, multiplication and division, are 
equally important as the tools and materials needed in our 
arithmetical processes. The better we know the facts and the more 
familiar they become, the more easily are we able to use them. 

So we expect most children at school to learn the facts listed 
(see footnote*). They do not learn all the facts at once, of 
course, nor do all children learn at the same rate. There is a 
gradual and sound building-up of knowledge throughout the 
course. 


HELPING CHILDREN TO LEARN THE FACTS 

In this chapter the multiplication facts and tables are used to 
illustrate the various principles and methods suggested. But the 
same points apply with equal force to the facts of addition, 
subtraction and division. 

A — Understanding comes first 

The first and most important point is that a child should under- 
stand, at his own particular level, what he is doing. The facts, 
as he is learning them, should mean something to him and 
should not be mere sounds or symbols. It has been proved that 
learning and remembering become easier when there is under- 
standing of what is to be learnt. Therefore we teachers must be 
very patient, especially in the early stages, taking time to ensure 
that meaning is given to the work. 

* See: Addition facts: List III, page 51 

Subtraction facts: Lists IV, V, pages 67, 68 
Multiplication facts: List VIII, page 192 
Division facts: List IX, page 217. 
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Thus, children learning the multiplication facts should pre- 
viously have understood the nature of multiplication, that it is a 
quick method of adding several numbers of equal size. This is 
explained in Chapter VII, where suitable activities and methods 
of approach are described. Related facts are then built up, 
using counters, or squared-paper, in table form as shown here. 

One group of three — 1 x 3 3 !• • •! 

Two groups of three --2x3-6 * \ ' 

Three groups of three = 3x3 = 9 • • • 

etc. 

The facts have more meaning for children if we take every 
opportunity of pointing out everyday examples: — 

(/) ‘Here in our little garden we have three rows of tomato 
plants, with five in each row. How many plants altogether?’ 
(/'/) A box of stores arrives and must be checked. It may contain 
pencils, chalks, ink-wells, exercise books — anything packed 
in rows, groups or packets. The children find that there are, 
for instance, twelve pencils in a packet. ‘How many packets 
have we?’ There are six. ‘Now, how many pencils have we? 
— Yes, seventy-two. We found that out at once by knowing 
that 6x12= 72.’ Similarly, for things packed in rows the 
children count the number of rows and the number in each 
row, and find out how many objects there are by making 
use of a multiplication fact. 

Such illustrations are easy to find. They are important not 
merely as examples but because they have local and up-to-date 
interest for the children. 

B — Memorizing follows understanding (‘ fixing the facts') 

The ability to memorize varies from child to child. We must 
always remember this when dealing with the facts and tables. 
It is found, in general terms, that children may be considered 
in three main groups:— (a) The comparatively few who very 
quickly learn the number facts. (It is waste of time to give them 
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more apparatus and games when they already know the facts.) 
(b) The majority, those who learn the number facts quite well 
provided they have plenty of practice in games and other 
activities. (These, too, reach a stage where they can use the facts 
quickly and accurately without help.) (c) Some children who 
may never remember all the number facts. (For these we must 
provide something to which they can refer when in doubt.) 

We must also realize that a child’s ability to remember the 
facts depends partly on his use of them in actual examples. For 
instance, when a child has been introduced to the number facts 
in the ‘table of twos’, he should be given plenty of simple oral 
and written examples of multiplying by two. These should be 
carefully graded so that the child can easily get them right. 

Besides this use of the facts there are many other ways by 
which children can be helped to learn and remember. We must 
have a variety of methods of approach, so that children can use 
as many of their senses as possible. Here are some suggestions. 

(/) Learning through hearing and speaking 

This has often been the main method of getting children to learn 
tables. They heard the sounds so many times (for example: ‘four 
fives are twenty’ over and over again) that they could repeat 
them at will, like nursery or nonsense rhymes, jingles, etc. Some 
children understood what they were saying and could use their 
knowledge, but many did not and, for them, it was ‘mumbo 
jumbo' and quite useless fo, arithmetic. 

Senseless repetition is to be deplored, but we must not make 
the mistake of neglecting oral learning. It is still an excellent 
way of ‘fixing the facts’ after the child knows what the facts mean. 
Up to a certain age children enjoy rhythmic repetition. In the 
saying of tables, however, such repetition should be in a ‘natural’ 
voice and not a ‘sing-song’. Each fact should be spoken in the 
natural way in which any ordinary statement is made. When a 
child repeats that ‘four fives are twenty’, it should be clear to 
him and any listener that he means ‘four groups of five make 
twenty’. Nothing is worse than the unpleasant and senseless 
drawl which has often been permitted in the ‘saying of tables’. 
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The importance of tables lies in the facts. We want each child 
to know each fact by itself, and to be able to use it quickly and 
accurately. The essential speed is lost when a child has to chant 
through part of a table in order to find a particular fact. There- 
fore we must arrange practice in such a way that any single 
item of a table can be recognized and stated without hesitation. 

Let us take the ‘table of fours’ as an example. We are repeat- 
ing as a class or in groups, that is, using speech and hearing. 
Three suggestions are given on page 193; here are three more: 

(/) Children play the ‘game of echoes'. Half of them ‘echo’ 
(i.e. repeat) the facts said by the others. (The teacher makes 
sure that this is a game , the children thinking of echoes in 
mountains, from a building or the edge of the dense forest, 
etc.) 

(//) The teacher links the work with speech-training exercises by 
making use of lip-reading. A child stands in front of the 
class and ‘says’ a fact by exaggerating the movement of his 
lips, but without making a sound. The rest ‘guess' what has 
been ‘said’. 

(///) A leader of the group or class says a fact: ‘Seven fours are 
twenty-eight’. The other children have to say the ‘twin’ fact 
(see page 188): ‘Four sevens are twenty-eight.’ 

Many activities of this kind should be invented to provide 
\ariety and thus give pleasure and prevent boredom. 

[2) Learning through seeing 

This is clearly linked with oral learning of tables, since the 
children often have the written ‘facts’ in front of them. But we 
should help by using as many other ‘visual aids’ as possible. 
For instance: — 

(a) Charts — The tables should be built up gradually (see Chart 
I, page 85), with the children, as more facts are learned (see 
pages 256-60), until the chart is complete. There are, of course, 
several possible forms of a chart of this kind. Such charts must 
be large enough to be seen from any part of the class room. 
Whatever kind of chart we make, we must show the children 
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how it is built up and how it may be used. (Charts or tables 
should not be on view, of course, when knowledge of the number 
facts is being tested .) 

Some teachers disagree with leaving a table chart in sight. 
They fear that children may come to rely on it, and therefore 
never learn to use the facts ‘automatically’. But it must be re- 
membered that some children will always need to refer to tables 
when making calculations. Such children can make little pro- 
gress with new work if, at the same time, they have to struggle 
with the number facts. 

(b) '‘Number patterns' on cards — Patterns of marks or objects 
often provide a practical demonstration of facts in the tables. 
Some may be found in real life: for example, the marks on a 
clock-face, a card of buttons, or lace-holes in a shoe. Others may 




back 




bin a 


FIGURE 92. — Number-pattern cards 


be invented by the teacher: for example, beads, shells, fruit- 
stones or other small objects are fastened to cards to illustrate 
various groupings (Fig. 92). The teacher shows a card and the 
children say what facts they can find from the pattern; the card 
is then turned over to see whether the answer is right. (Pairs of 
children may play this as a game.) Children may also make 
patterns to represent various groupings. 
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(c) Patterns in a number-square — The children make a number- 
square (Fig. 93). They go through the numbers from 1 to 100 
and show the ‘answers’ in the facts of a particular table, either 
by drawing rings or crosses, or by shading. They note the 



FIGURE 93.— Patterns in a ‘number-square’ (straight lines from the ‘tabic of 
fives’; diagonal lines from the ‘table of nines’). Children should make several of 
these number-squares if they want to show patterns from all the multiplication 

tables 


pattern: for example, the diagonal for the ‘table of nines’ and 
the two straight lines for the ‘table of fives’. 

(d) Table ‘ oddities ' — These often help in memorization and add 
to the fun and interest which children should find in numbers. 
For instance, in the ‘table of nines’ the figures in the ‘answer’ 
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part of each fact add up to nine. (When we reach 99 the figures 
add up to 18, but adding the two figures of this 
number, 1+8, again gives 9.) There are several jg ? + 8 = 9 
other interesting points about the ‘table of nines’ 27 2 + 7 = 9 
— to be found out, perhaps, by the children. 36 3 e * 6 = 9 
They may also like to be told how, several 
centuries ago, this table was learned in a different way: 

How many nines in ten (10)? 1 and 1 over 

How many nines in twenty (20)? 2 and 2 over 

How many nines in thirty (30)? 3 and 3 over 

How many nines in forty (40)? 4 and 4 over 

etc. 

This story may also help children in division by nine. 

Children sometimes find it easier to remember a particular 
fact after it has been shown in a special way. For instance, the 
teacher writes down : 1 2 3 4, and then puts in the signs to 

make up the fact 12 = 3 x 4; or 5 6 7 8 and inserts signs 
to get 56 = 7 x 8. 

(e) Flash-cards— Self-corrective flash-cards (see pages 58, 73, 
88 and 107) form one of the best aids to learning, through both 
seeing and hearing. Moreover they are simple to make (see 
page 472) and easy to use. The children may make them, pro- 
vided the teacher ensures clarity and accuracy. These cards may 
be used in many games, of which the following are examples: 

(i) ‘ Patience ’ is a game wiich a child plays alone. In front of 
him he has a pile of eight cr ten flash-cards, among which are 
six with multiplication facts he does not know. The ‘question’ 
sides of the cards are uppermost. He works through the cards, 
each time looking at the back of the card to see if his ‘answer’ 
is correct. When he is right he puts the card on his right-hand 
side; when wrong he puts the card to his left. He must then 
start again, using the left-hand pile of cards, and continue like 
this until all the cards are on the right, that is, until he knows 
all the facts on his set of cards. (If the child tries to ‘cheat’ him- 
self by looking at the ‘answers’, it does not matter much ! He is 
still making himself familiar with the facts.) 
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(//) ‘ Snap ' (or 4 Bingo') may be played by pairs of children. 
Each child has a set of flash-cards, equal in number and with 
the same facts. One child has the ‘question’ sides on top, the 
other the ‘answer’ sides. The first puts a card on the table, 
and the second puts one over it. When a ‘question’ card (say 
‘4x3 =’) is followed by an ‘answer’ card with the right result 
(say ‘4 x 3 - 12’, ‘3 x 4 = 12’, ‘2 x 6 - 12’ or ‘6 x 2 - 12’), 
the first child to say ‘Snap’ wins all the cards so far ‘played’ 
(put down). If a child says ‘Snap’ and is wrong, the other takes 
the pile of cards played. The child with most cards at the end 
of a given time is the winner. 

This game gives enjoyable practice in finding and noticing that: 
(i) Most facts have a ‘twin’, e.g. 6 x 4 = 24 and 4 x 6 ----- 24. 
(n) In some cases different facts have the same ‘answer’, e.g. 
6x4— 8x3 = 12 x 2 = 24. 

(iii) The ‘ Spinning Arrow' (or 'Roulette') is a game for a small 
group. The flash-cards with the facts which the teacher wants the 
group to learn are placed, ‘question’ side up, in a circle on a 
table. In the middle is a pointed stick or piece of stout cardboard 
which can spin on a nail or screw in a wooden base (Fig. 94). 
The children take it in turn to spin the arrow and answer the 
‘question’ to which it points when it stops. The card is turned 
over to check the answer and is then put back in its place. A 
child who answers wrongly must quickly write down the ‘fact’ 
correctly. The child who has to write out the least number of 
facts (that is, who gets most right) is the winner. 

The teacher may invent or adapt many other suitable games. 

(3) Learning through touching and moving 

Some children remember the facts more easily when allowed to 
use their sense of touch and movement. Let us suppose a child 
has difficulty in memorizing the fact 9x6-- 54. Here are two 
of the possible ways of helping: 

(/) The teacher says: ‘Look at it. Now say it to yourself - 
nine sixes make fifty-four. Now pretend to draw it on your desk 
with your finger, saying the numbers aloud. Now do it again 
without looking.’ 
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6 X 5 = N 


8 X 9 = N 

3 ) 

6X3 = ^ 



II X 


FIGURE 91. — The ‘spinning arrow’, a game lor practice with flash-cards 

(ii) The teacher says: ‘Look at it. Now say it to yourself. Now 
pretend to “draw” it in the air.’ (This is sometimes called ‘sky- 
writing’.) The child shuts his eyes and imagines he has a huge 
pencil. He uses his whole arm to ‘draw’ the fact ‘in the sky’ 
while he repeats it aloud. 

Such methods have sometimes proved effective when others 
have failed. 

(4) Learning through class-activities 

It is sometimes necessary (even desirable) to take all the children 
together as a class. Here are some suitable activities: 

(a) The clock-face — This may be drawn quickly on the black- 
board, or a more permanent one can be made of cardboard or 
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wood. If we want to give practice in the separate facts of the 
‘table of fours’, we put a ‘4’ in the middle of the clock-face 
(Fig. 95(a)). We point to any number on the clock and the child 


(*) (b) 

FIGURE 95. A clock-face, used for practice in the arithmetical ‘facts* 

has to multiply it by four. The class may be divided into two or 
more teams, with one child appointed as scorer. Individual 
children in each team take their turns to answer. When an 
answer is wrong the question is passed to the next team, who, if 
correct, get an extra point. (Note —A nought should sometimes 
be put in the centre of the clock-face.) Several variations of this 
game may be devised for practice in all four arithmetical 
processes, as, for example, in Fig. 95(6). 

(b) 'Find your partner ' — This game is best played out of doors, 

as it involves much movement. (Indoors it must therefore be 
played very quietly.) Half the class are given 
‘question cards’, the other half ‘answer cards’, as 
shown here. At a given signal each child tries to 
find his ‘partner’. When a pair are ‘matched’ they 
write down their ‘fact’, for example 18 3 =6. 

Then they go to the teacher and, if correct, continue the game 
with new cards. 

(c) The 'tables relay race ' — The class is divided into teams and 
each is given a table to complete. For example, the teacher 
writes on the blackboard : 

Team A Team B Team C 

1x6 = 6 x 9 = 9 1x8 = 8 
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On the word ‘Go’ the children in each team take it in turn to 
write the next fact in their table, as quickly as possible, and 
return to their seats. The team first completing its table cor- 
rectly wins. A ‘relay’ of this kind may be made more difficult 
(e.g. writing the tables in reverse), and may be used in various 
other ways. 

The teacher should devise many such games, using charts, 
cards, outline drawings, and so on. 

(5) Other varied activities 

As teachers we should always adapt apparatus and games to 
suit the particular children in our classes. We must also try to 
invent new activities, in order to keep our children alert and 
lively and prevent our methods becoming stale. The following 
suggestions for ways of helping children to remember the 
number facts may also prove useful in leading to further ideas. 

(f) ‘ Snakes and ladders' may be played with flash-cards by 
two, three or four children. The cards should be mixed (i.e. the 
facts should cover addition, subtraction, multiplication and 
division) and none of the ‘answers’ should exceed 20. The piece 
of cardboard, marked out in the manner shown in Fig. 96, 



Cards for «$• 



Used cards 


FIGURE 96— ‘Snakes and ladders’, a game played with flash-cards 
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should be about twelve inches square. The first child looks at the 
‘question’ on the top flash-card, and gives his answer. He turns 
the card over to check. If correct (having given, for example, 
the answer ‘ten’ to ‘8 + 2 = ’), he moves his counter forward 
(in this case, by ten places). If wrong he is not allowed to move 
his counter. The next child then takes his turn with the next 
card. When a move ends on a square at the bottom of a ladder 
the counter moves up the ladder. When a move ends on a square 
at the head of a snake the counter moves down the snake. The 
winner is the player who first reaches the last square (number 
144). 

(//) A ‘ four-way ’ flash-card is useful when the teacher has 
shown that, by knowing one fact, it is possible to remember 
three related facts. Children may test each other, or the teacher 
may test a small group, by holding up the front of a card 


* 

27 

9 - 

front 

FIGURE 97. — A four-way flash-card, lor learning related Tacts' 

(e.g. Fig. 97(a)) and asking: ‘What facts can you make up from 
these numbers?’ The children should be able to give the four 
related facts (e.g. Fig. 91(b)). If the facts are given wrongly, the 
children are shown the back of the card, and should then repeat 
the facts correctly. 

(//:) 'The elephant' never forgets! So a model is used to help 
children to memorize facts with which they have had difficulty. 
The shape of an elephant is cut out of cardboard and hung in a 
convenient place. A saddle cloth is represented by a paper flap. 
Underneath this a different flash-card is concealed each morning. 
The children lift up the flap (Fig. 98) when they wish, and try 


9 x 3 = 27 
3 X 9 = 27 

27 - 3 = 9 
27 - 9 = 3 


back 
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FIGURE 98. —‘The elephant never forgets*, another aid to memory 

to memorize the fact. Towards the end of the school day the 
teacher asks every child to write down that day’s fact. 

(iv) Calendar dates givean opportunity 
to remind children of multiplication 
facts. When there is a movable or ‘tear- 
off’ calendar, the children usually take it 
in turn to change the date. Each child 
may write out the multiplication facts of 
whiv h ‘his’ date reminds him, hanging 
his card on the calendar (Fig. 99). 
Children may notice that on certain 
dates, for example the 5th, 11th, etc., 
there are no facts except 5x1=5, 
11x1=11, etc. (With children who 
are ‘ready’, this may be a good time to 
introduce the idea of prime numbers* 
and factors.!) 

* If a number has no factors (other than 1 and 
itself) it is called a prime number , e.g. 3, 5, 7, 1 1, 13, 
17, 19. 23. etc. 

t See the footnote on page 199. 



FIGURE 99.— The ‘tear 
ofF’calendar.used as a remin- 
der of multiplication ‘facts' 
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(v) Practice sheets for revision are useful. The arithmetical 
facts must be kept fresh in children’s minds. For example, when 
a class is learning about measurement of length (British system), 
there is plenty of practice in the use of the tables of threes and 
twelves, but little in the others. It is important that all the facts 
should receive regular attention. A revision practice sheet (e.g. 


Fig. 100) ensures 
sheet. 

this. 

Each 

child has 

a copy 

of the 

same 

A 

1 

5 

3 

8 

0 

6 

4 

2 

7 

9 

B 

5 

9 

7 

2 

4 

0 

8 

6 

1 

3 

C 

9 

3 

1 

6 

8 

4 

2 

0 

5 

7 

D 

3 

7 

5 

0 

2 

8 

6 

4 

9 

1 

E 

6 

0 

8 

3 

5 

1 

9 

7 

2 

4 

F 

0 

4 

2 

7 

9 

5 

3 

1 

6 

8 

G 

4 

8 

6 

1 

3 

9 

7 

5 

0 

2 

H 

8 

2 

0 

5 

7 

3 

1 

9 

4 

6 
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2 

6 

4 

9 

1 

7 

5 

3 

8 

0 

K 

7 

1 

9 

4 

6 

2 

0 

8 

3 

5 


FIGURE 100. — A revision practice sheet 

(A sheet of numbers like this may be pasted in the back of a child’s exercise book, 
as an aid to quick revision of the arithmetical facts) 


The teacher writes his instructions on the blackboard; for 
example: 

Multiply each number in line J by 4. 

Multiply each number in line B by 7. 

Add 5 to each number in line F. 

Subtract each number in line D from 20. 


Each child, having his sheet in front of him, writes the answers 
in his book as quickly as possible, like this: 


j 

3 

24 

16 

36 

4 

28 

20 

12 

32 

0 

B 

35 

63 

49 

14 

28 

0 

56 

42 

7 

21 

F 

5 

9 

7 

12 

14 

10 

8 

6 

11 

13 

D 

17 

13 

15 

20 

18 

12 

14 

16 

11 

19 
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It is sometimes useful to let children keep records of their speed 
and accuracy by writing down the number of facts they get 
right in a given time. 

C — The importance of using the facts 
(/) Everyday examples 

To show how arithmetical facts are used in everyday life is one 
of the best ways of helping children to understand them. It is 
also a good way of helping to fix the facts in their minds. 
Here are a few examples to illustrate this. 

(/') Except in leap years the month of February has 28 days. 
This may be linked with the fact that 4 x 7 = 28, since there 
are four weeks, each of seven days, in the month. 

(/'/') The table of fives may be linked with the minutes shown 
on a clock-face. (For instance, if the big hand moves round 
from twelve to four, it passes four groups, each of five minutes’ 
4x5= 20.) 

(Hi) The table of twelves may be linked with feet and inches, 
or with shillings and pence. 

(tv) The table of threes may be linked with feet and yards. (A 
line, measured by a yard-stick, is found to be 8 yards long. Its 
length in feet is then found from the fact: 8x3= 24.) 

(2) Written exercises 

In this chapter we are concerned with understanding and 
memorizing the facts. But, as teachers, we must always remember 
that our main purpose is to help children to use the facts, 
quickly and correctly, in actual problems. So we must include 
written examples throughout the work. (An example such as 
23 x 4 is easy to the child who knows that 4 x 3 = 12 and 
4x2 = 8.) 

We must remember, too, that the very act of working out 
examples, particularly when they are ‘real’, is itself an aid to 
memorizing the facts. It is advisable, therefore, to give ample 
practice in the use of the facts at every stage of the children’s 
learning. 
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Before going on to consider the organization of this work, 
let us summarize our main points: 

(a) Children should understand what the facts mean and how 
they are built up. 

(b) Children should be helped to memorize the facts through 
enjoyable activities. 

(c) Children should apply the facts to actual problems and 
written examples. 

0 d ) The various methods of learning should go on together, side 
by side and linked together. 

LEARNING THE FACTS -THE NEED FOR A SCHOOL PLAN 

Children usually spend a great deal of time in learning the 
number facts. To avoid wasting this time and in order to reduce 
the risk of causing confusion and lack of confidence, we must 
plan and organize our work. This needs much careful thought 
and effort, as the plan should cover all the years of the course, 
so that a child may move from stage to stage, class to class and 
teacher to teacher without difficulty or delay. 

Methods of learning the facts are discussed in previous 
chapters. The children gain understanding through many varied 
activities. Memorization is then aided by arrangement of the 
facts in ‘sets’, which are worked through in turn in various ways, 
including the use of practice-cards. Lastly, the facts are ‘fixed’ 
by flash-cards and other games, etc. 

What about the ‘tables’? Repetition of these used to be the 
common method of learning the facts. In itself it is not a bad 
method, for the tables show how the facts are related and they 
give children confidence. But it does become bad when it is the 
only method adopted. Children then tend to learn whole tables 
instead of the separate facts contained in them. So it is suggested 
that a better plan is to combine the gradual building-up. and 
learning of tables with the use and learning of the separate 
facts suitably mixed in sets. 

Chart I, page 85, shows the first stage in the building-up of 
the tables, and List C, page 87, is an example of the arrangement 
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in sets.* (The building-up of tables in horizontal and vertical 
form at the same time is chosen because it helps to show the 
relationship between a fact and its ‘twin’.) Various forms of 
chart are possible, of course, but the following suggestions may 
be applied to any of them. 

Having dealt with Chart I (the first sixty multiplication facts) 
and the eight practice sets of facts in List C, we go on to build 
up the tables in (say) six or seven stages. At each stage the facts 
are arranged in selected sets. From Chart I, for instance, we 
may go on to our second chart by adding (say) twenty-eight 
‘new’ facts to the first sixty (as in Chart IV, page 257). 

Thus our extension of the chart completes the tables of threes 
and fours (including the ‘nought’ facts), adds four facts to the 
‘table of noughts’, two each to the tables of nine, ten, eleven and 
twelve, and one each to the tables of seven and eight. The 
children first build up the tables of threes and fours, and then 
learn them by the various methods described in this chapter. 
Then, knowing for example that 9 x 3 = 27, the children 
realize that they also know the ‘twin’ fact, 3 x 9 = 27, so they 
put this in the table of nines. They learn this table as far as this 
fact. Similarly, they add the new facts to, and learn, each of 
the other tables. 

The next step is for the children to memorize each fact 
separately. List E, page 259, consists of nine selected sets of facts 
from Chart IV. Each of the twenty-eight ‘new’ facts is included 
twice, the others once each (with the exception of eight easy ones, 
which are left out). We take (say) the first set from the List: 

Set 1 (from List L) 

lx 3 / Ilx6x0x 3 x 4x 7x 12x 9x lx 2x 

67 4119 11 3 230 12 


• Sets are made up on the following basis: 

(/) A List of sets contains all the facts in the tables so far built up at least once. 
(In the later Lists some of the very easy facts from Chart I may be omitted in 
order to limit the number of sets.) This ensures that all the facts’at any 
particular stage arc constantly practised and ‘fixed*. 

(ii) In the first stage (List C, i.e. the facts from Chart I), each fact is included 
once. In the later lists of sets, each new fact should be included twice , in order 
to give more practice with it. 

(Hi) Each set includes some ‘easy’ and some more difficult facts. 

(if) A fact and its ‘twin' are always included m the same set. 
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and the children learn these facts, using practice-cards, flash- 
card games, etc. We note, and help with, any difficulties. These 
same facts are then used in the multiplication process which 


LIST E 

EARLY multiplication facts (from Chart IV) 

ARRANGED IN SELECTED SETS* 
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• The vertical columns may also be used as practice sets, though these tend to 
be ‘random’ rather than selected. 


the child is learning or practising, and in suitable problems. 
Another set from the List is then treated in the same way, and 
so on until the children know all the facts in all the sets. 

We then proceed to the buiiding-up oi the tables to the next 
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stage (i.e. adding another group of ‘new’ facts). So we continue, 
in stages, until all the tables are complete and the children have 
learned them and the separate facts of which they consist. 

All through this work the teacher must be prepared to adapt 
his plan to deal with any special difficulties. We may find, for 
example, that some children fail to learn ‘6 x 7 =- 7 x 6 — 42’. 
Then we must not only make use of suitable apparatus and 
games again, but we must add these two facts to later sets in 
order to give further practice. 

Time allocation 

In general it is better to devote a short time each day, rather 
than a whole lesson once or twice a week, to the learning of 
arithmetical facts. Five to ten minutes per day, with a little 
longer on one day of the week, is probably enough. For ex- 
ample, at the start of a new stage, the building-up of a chart 
with the new facts may require twenty minutes or more of a 
lesson. But the learning or testing of a set, which may perhaps 
contain four of the new facts, is best done during the daily 
five-minute practice. 

Children may be given the practice-cards for a particular set 
of facts, for instance, for five minutes at the beginning or end 
of a lesson ; or while the teacher marks the register, attends to a 
visitor, or helps a small group with individual difficulties. 

Extra time must be given to those children who cannot go on 
to new work because they do not know the facts well enough. 
They may be put into a small group, to have more practice with 
apparatus and games, while the rest of the class continues with 
normal work. 

Tables of money and measures 

The learning of the many tables concerned with money, length, 
weight, capacity, time, etc., is discussed, as the need arises, in 
later chapters of this book. 



SOMETHING TO THINK ABOUT — 6 
{The ‘ history ’ of money ) 

Most young children are interested in everything that 
goes on around them. They ask many questions: they 
want to know ‘How?’ and ‘Why?’ Sometimes they ask 
questions which their parents find it difficult to answer. 
Often these questions are about simple things to which 
grown-ups have become accustomed over the years and 
which they have accepted without thinking. 

At school some children arc too timid to ask questions 
even though they are still very curious about everything 
that goes on. Sometimes this is because the teacher is 
not approachable, but usually it is because it takes time 
for the children to get used to their new surroundings, 
and to find out that the teacher is very willing to listen 
to them. 

A good teacher takes every opportunity of encour- 
aging the children to ask questions. These help to keep 
the lessons ‘alive’ ; they show that the children are taking 
an intelligent interest in what is being done; and they 
help the teacher to see whether the children really under- 
stand the work they are doing. 

Like parents, teachers sometimes find it difficult to 
answer questions about simple things which they have 
themselves taken for granted. For example, a child may, 
with good reason, ask: ‘Why do wc put a “d.” at the 
side of the 6 when wc write sixpence as 6r/.? Why do we 
not put a for pence?’ Other children may then 
follow this by asking why we use the V and the ‘£’ 
signs (in the British system of money). Many similar 
examples arise as the children are introduced to the 
various measures about which they have to learn. 

The teacher should not discourage these questions, 
but should use them as a starting point for telling the 
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children something about the history of the units they 
are considering. The five or ten minutes spent on such 
a discussion not only adds to the children’s knowledge 
but also helps them to see that arithmetic grew out of, 
and is still concerned with, man’s everyday needs. 

Not all teachers know much about the history of 
money and measures. In some countries it may not be 
easy to find the information. Where it is possible, how- 
ever, it is suggested that teachers should, at least, know 
something about the origin of the units of money and 
the common measures with which their teaching is con- 
cerned. 

£ s. d. 

Men’s earliest kind of trading was the exchanging 
(or bartering) of goods for other goods. For example, 
if a farmer wanted to buy sheep from another farmer he 
might pay for them with sacks of grain. If he wanted 
someone to help him build a house he might pay for this 
help with food and wine. Difficulties used to occur, of 
course, when one of the traders refused to make an 
exchange because he did not want what the other trader 
had to offer. It became necessary for men to agree on 
standard objects for which anything else could be 
exchanged. In early days this standard of exchange 
consisted of common animals (for example, goats and 
sheep), which could easily be moved from place to place. 
Later, men began to find that pieces of metal (iron, 
copper, silver) were much more convenient as a standard 
means of exchange. They could be carried more easily; 
they could be kept to a standard size and quality; they 
could be split up into smaller units; and they lasted 
longer than other standards. 

The value of these pieces of metal (or coins) was 
agreed upon by weighing them. A piece of a certain 
metal having a certain weight was given a particular 
value and was marked accordingly. 
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There have been many changes in the coinage of 
most countries since the early days. But in some 
countries the old names of the coins are still used, 
though their value, quality of metal, size and shape, 
may have changed a great deal. 

For example, it is possible to see how the symbols 
£ s. d. for pounds, shillings and pence came into 
being in British money as a result of the Roman occu- 
pation of Britain, two thousand years ago. 

The sign ‘£’ is from the letter ‘L’ which is the first 
letter of the Latin word libra in the phrase libra pondo, 
which means ‘a pound by weight’. This is clearly a 
reference to the days when the value of money was 
reckoned by weighing the metal of which it was made. 

The ‘s.’ for ‘shillings’ comes, perhaps, from a Roman 
coin called the solidus, but it is also probably linked with 
the Saxon word seyllan which means ‘to cut’ (that is, 
because a larger piece of metal was ‘cut up’). 

The ‘ d .’ which in British coinage stands for ‘pence’ 
probably comes from another Roman coin, the denarius 
(though that was a silver coin, and not made of the 
same metal as the present-day penny). 

Almost every coin in every country has an interesting 
history. Children often like to know about this. Teachers 
who find out a little about the history of their own coins 
have a good means of arousing children’s interest. 
Moreover, if the ‘history is put simply, briefly, and in a 
lively manner, it helps the children to realize that to 
learn about money is not merely to ‘do’ another school 
subject. They begin to see how money developed from 
man’s needs until it has come to play an important part 
in everyday life. 
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FURTHER STEPS IN MONEY 

In the work described in Chapter IX the children are introduced 
to coins and their values through varied ‘shopping’ activities. 
This should now be extended, so that the children can deal with 
larger amounts of money. Written calculation now enters more 
and more into the work, but it is important to remember the 
principle that the work should be ‘real’ to the children. Wherever 
possible, we should bring into the lesson discussions which are 
related to money transactions in the children’s everyday lives. 
Children may be old enough now to understand the talk they 
hear at home about wages. They themselves may even do some 
work for which they are paid. They now listen more intelligently 
to conversations among grown-ups about the buying and selling 
of animals, produce and other goods. In some areas they become 
interested in the payment and collection of taxes. Most children 
at this stage have begun to do real shopping, and so they take 
a much more active interest in coins. 

Therefore, when dealing with money in both oral and written 
work, we should make use of these everyday situations. 

It should be remembered that the main aim in teaching 
children about money is to enable them, as they grow up, to 
buy and sell, to trade, and to reckon their wages, salaries, 
savings, household expenses, etc. (Some children may have to 
pass examinations in arithmetic, for example, in order to go on 
to further schooling, or to enter or prepare for certain trades 
or professions. For some examinations, teachers may have to 
teach these children how to work out examples which are rarely 
found in real life. Such cases are discussed later in this chapter 

A- The changing of money 
(/) Learning the money facts* 

So that ‘shopping’ activities can go on easily and with little 

* In any currency, the money facts are made up by considering the ways in 
which each coin (or currency note) can be changed for a number of other coins 
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delay, the children have to learn how to change coins quickly. 
Coins of higher value are changed for a greater number of coins 
of lower value, and vice versa. This is done mainly in the 
‘shopping’ itself, but extra practice in learning the important 
money ‘facts’ is worth while. Here are five ways in which this 
may be given : — 

(a) The 'bank' -A number (say, two to four) of the more able 
children arc the ‘bankers’. They stand behind the ‘cash-desk’, on 
which piles of cardboard money, and paper ‘notes’, are placed. 
The other children in the class each have a ‘coin’ (or a number of 
‘coins’). They come in turn to the ‘bank’ and ask for their 
money to be changed. Having had it changed, they go back to 
their desks and write down what has been done. For example, 
if a child goes to the ‘bank’ with a florin (two-shilling piece) 
he may change it for four sixpenny-pieces. He then writes down 
in his book : 4 sixpences 1 florin. This statement he takes to 
the teacher, who marks it, and if it is correct, supplies a new' 
‘coin’ for changing. 

( b ) Practice-cards These should be made up by the teacher so 
as to ensure that the children get adequate practice in the money 
facts (Fig. 101) as well as in quick adding, subtracting, multi- 
plying and dividing (Figs. 102* and 103). 

Cards of the kind shown in Fig. 102 may be considered and 
used in two ways (see footnote*). It is advisable, therefore, to let 
children work through them twice. First they use them for 
counting out the coins required as ‘change’ Then they use 
them for examples of subtraction to be worked out on paper. 


(or notes). For example, in British currency a shilling can be changed for twelve 
pennies, twenty-lonr half-pennies, forty-eight farthings, four threepenny-pieces, 
or two sixpenny-pieces. 

* Note The ‘making-up’ asked for in the cards shown in Fig. 102 may 
be considered as a process of subtraction, if the calculation is worked out 
on paper. But many shop-keepers give ‘change’ by a method of adding, 
known as ‘complementary addition’. They ‘make up the lower amount 
until it is the same as the higher amount. For example, the shop-keeper 
receives a ten-shilling note for something which costs three shillings and 
nincpencc-halfpcnny. I lc decides the amount of change by thinking first 
of the 3.r. 9 \d. He takes out enough coins (that is, 2)4.) to make up the 
amount to four shillings. Then he takes out six shillings to^make up the 
amount to ten shillings. Then he hands over the f's. 2\d. as change . 
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FIGURE 101.— Practice-cards for the ‘changing’ of money 
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FIGURE 102.* -Practice-cards for the giving of ‘change’ (by ‘complementary 
addition 1 ) and the subtraction process with money 



FIGURE 103.— Practice-cards for the addition, multiplication and division of 

money 

(c) Flash-cards — These can be used in games to enable the 
children to learn to change money quickly. One side of the card 
(Fig. 104(a)) has a cardboard coin, or the name of a coin (or 
currency note), on it; the other side (Fig. 104(6)) tells how this 
coin (or note) may be changed for other coins. The children play 
in pairs, each pair having a small pile of cards. One child holds 
up a card, for example, the ‘two-shilling piece’, and shows it to 
the other child, who has to think of how to change it. If he 

* Sec note on page 265. 












FURTHER STEPS IN MONEY 


267 



Florin 

or 

Two-shilling piece 


A two-shilling piece 
may be changed for: 

2 shillings 
or 4 sixpences 
or 8 threepences 
or 24 pence 




A pound may be 
changed for' 

2 ten-shilling notes 
or 8 half-crowns 
or 10 two-shilling pieces 
or 20 shillings 
or40 sixpences 
or240 pence 


(a) fronts (b) bucks 

FIGURE 104. Flash-cards for 'oncy ‘changing’: (a) fronts, (b) backs, of 
cards for the florin and the pound v Teachers prepare similar cards for the coins 
and currency notes used in theii own areas The children may play various games 

with such cards) 

Suitable size: about 5' x 5 " 


gets any of the ways of doing this right, he can claim the card. 
He then holds up a card for the first child, and so on. At the end, 
the child with the most caids is the winner. (See Chapter XV for 
many other similar games.) 

(d) The ‘ money-fraction board— This piece of apparatus is also 
very useful at a later stage, when children have to learn the 
money facts expressed as fractions of a pound (see page 384). 
Strips of three-ply wood or stout cardboard, with models or 
drawings of coins on them, slide along ledges on a wooden 
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board (see Fig. 133, page 384). The children come in turn to the 
front of the class to put a strip in its proper place. They then 
see, for example, how many five-shillings (or florins, shillings, 
etc.) there are in a pound note. 

(e) Money ‘ tables ' — These should be learned in the same way as 
other tables by the various detailed methods described in 
Chapter XV. For example, by : 

(/) Short periods of oral repetition. 

(/'/') Games in groups (using flash-cards). 

(Hi) Class-activities. 

The teacher should make sure that the children understand 
how the money is made up. It is not enough merely to be able 
to repeat the table. It is important therefore to build up the table 
(Chart V), with the children, making use of real or imitation 
coins to illustrate what is happening. 

CHART V 

A money CHART— The pence table 

•Parts of a penny 

2 farthings — 1 half-penny 

2 half-pennies -= 1 penny 
4 farthings = 1 penny 


The pence table 


1 2 pence 

1 shilling 

18 pence 

— 1 shilling and sixpence 

20 pence 

= 1 shilling and eightpence 

24 pence 

= - 2 shillings 

30 pence 

— 2 shillings and sixpence 

36 pence 

--- 3 shillings 

40 pence 

-- 3 shillings and fourpencc 

48 pence 

— 4 shillings 

50 pence 

- 4 shillings and two pence 

60 pence 

5 shillings 

70 pence 

= 5 shillings and tenpcnce 

72 pence 

*=■ 6 shillings 

80 pence 

= 6 shillings and eightpence 

84 pence 

--= 7 shillings 

90 pence 

— 7 shillings and sixpence 

96 pence 

= 8 shillings 

100 pence 

= 8 shillings and fourpencc 

108 pence 

= 9 shillings 

1 10 pence 

- 9 shillings and twopence 

120 pence 

-- 10 shillings 

1 30 pence 

— 10 shillings and tenpence 

1 32 pence 

= - 1 1 shillings 

140 pence 

— 1 1 shillings and eightpence 

144 pence 

— 12 shillings 
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The table of pence — The children should be shown that the table 
they are building up (Chart V) makes use of the ‘table of 
twelves’, but also includes the intermediate tens. This enables 
them to make calculations more quickly and accurately, since 
they have less difficulty with adding or subtracting. For ex- 
ample, if they want to change forty-one pence to shillings, they 
know that forty pence make three shillings and fourpence. So 
forty-one pence may be seen at once as three shillings and 
fivepcnce.* 

The table of shillings — Some teachers like their children to learn 
a shillings table, but there is no need for this if the children 
know how to count in tens and twenties. For example, if they 
want to change seventy-three shillings to pounds and shillings, 
they count: ‘Twenty, forty, sixty — that is, three pounds. 
Thirteen shillings more make three pounds, thirteen shillings. 
Other teachers prefer their children to think of each ten shillings 
as a ten-shilling note. So that seventy-three shillings are con- 
sidered as seven ten-shilling notes and three shillings more. This 
then becomes three pounds, one ten-shilling note, and three 
shillings. 

(2) Changing money by written calculation 

When children know the important money ‘facts’, and can use 
their knowledge easily in shopping and everyday transactions, 
it may seem unnecessary for them to learn to change money by 
written calculation. For some children it is a waste of time, and 
the teacher must decide. It may sometimes be necessary, how- 
ever (particularly for children who are going on to a further 
study of arithmetic), to work out problems in which sums of 
money must be changed from certain units into others. For 
example, it is necessary to change £5. 13j. 6d. into sixpences 

• Some teachers prefer to make up the pence table by using the table of twelves 
only. That is: 

12 pence = 1 shilling 

24 pence = 2 shillings 

36 pence - - 3 shillings, etc. 

With this method, if the children want to change forty-one pence to shillings, 
they say: ‘Three shillings are thirty-six pence; fivepcnce more to make forty-one 
pence. So forty-one pence is three shillirgs and fivepcnce.’ 
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in a problem such as ‘How many children can each be given 
sixpence from a fund which amounts to £5. 13,r. 6 d.T 

Here is the method suggested for this example: — 

The five pounds are changed to 
one hundred shillings by multi- £ 
plying by twenty. The hundred 2 o 
shillings are added to the thirteen yoos- 
shillings making one hundred 
and thirteen shillings. These are 
changed to sixpences by multi- 
plying by two, and the one six- 
pence is added to give the answer. 

Again, this kind of written changing becomes necessary when 
considering certain types of division examples. For instance: 
‘How many books each costing 2s. 1 d. can be bought for 
£3. 8 j. 9 d.T In this it is necessary to change both amounts to 
pence. 

The 2.y. Id. can easily be changed to twenty-five pence, but the 
£3. 85. 9 d. must be changed by 

written calculation as shown. £ s . d.* 

3 8 9 

The children are helped in this 20 

work if they keep the columns widely 
spaced so that the working does not 
become confused. 

At times it may be necessary to 
change numbers of small units of 
money into larger units. For ex- 
ample, to find the total amount of 
money spent on one thousand three- 
penny stamps it becomes necessary to change the thousand three- 
pences into pounds, shillings and pence. This can be done cither 
( 1 ) by long division, dividing 1 ,000 by 80 (since there are eighty 
threepences in one pound) ; or (ii) by two division processes, 
dividing by 4 to bring the threepences to shillings and then 
dividing the shillings by 20 to bring them to pounds. 

In this kind of changing, particularly when it is necessary for 
• The ‘arrows* do not, of course, appear in the children’s working. 



s. 

13 

^ 100 
113 

2 

226 

1 

227 sixpences 


y 


d. 

) 
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12)1840 

153 shillings and 
4 pence 

20)153 shillings 
£7 13 shillings 


‘carrying’ in the multiplication process, it is often convenient 
to use a short form of division, in which the working is done ‘in 
the head’. For example, to change 1,840 pence to shillings, the 
short form of dividing by 12 is as shown, 
and the answer is put underneath. To 
change 153 shillings to pounds the 15 tens 
are regarded as fifteen ten-shilling notes 
and divided by 2. (Because we are dealing 
with the tens only, the 0 and the 3 are 
crossed out.) This gives £7 and one ten-shilling note and 3 
shillings, that is £7. 1 3 s. 

These two examples may be put together if we have to change 
1,840 pence into pounds, shillings 
and pence. 

In the past some teachers have 
made the mistake of wasting chil- 
dren’s time and energies by giving 
too much work in the written 

changing of money. The children formed the impression that 
this changing is an end in itself, whereas it is only necessary 
for particular purposes. The method to be used for changing 
money has to be clearly taught in its various stages, but the 
importance of the work should not be over-emphasized. 


1 2) 1 840</. 

20)153 shillings and 4 pence 
£7 and 1 ten-shilling 
and 3 shillings 
£7 13 ~4 


B — Addition of money 

The first activities which cause the children to add sums of 
money together arc concerned with ‘shopping’. For example, a 
child ‘buys’ one article for threepence and one for fourpence. 
He records this activity in his book as a simple addition showing 
that he has spent a total of sevenpcnce. 

(/) Further activities 

(a) Making bills-- ‘Shopping’ is also the best approach to the 
addition of larger sums of money. Before they ‘buy’ anything at 
the ‘shop’ the children make out a simple shopping list. They 
note down the price of each article, return to their seats and 
find the total money needed to pay for their purchases. Then 



| Bought from Nr. Bolu 

i 

s. d. 

! * toy 

2 4 

1 1 plate 

1 3 

1 book 

1 3 

i Total 

i 

4 10 


FIGURE 105.- Making 
out a simple shopping bill 
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they go back to the shop with the required money. The bill is 

written down as in Fig. 105. 

We should always regulate the items 
carefully, so that the bills do not bring 
in difficulties for which the children 
are not ready. For example, in the bill 
shown in Fig. 105, the total of pence 
is less than twelve. This prevents any 
difficulty with ‘carrying’ at the early 
stages. After the ‘carrying’ stage is 
reached (see Analysis 5, page 284), there 
is no need to limit the prices.* 

(b) Using shopping boxes — These are a means whereby the 
teacher can control the children’s work in easy stages. There 
should be a box between each pair of children. Inside the box 
are a number of small articles (or pictures) with a price tag tied 
on each. The two children share the articles between them and 
then make out a bill for ‘buying’ them. 

(c) Collecting ‘ everyday ' prices — The children should be en- 
couraged to look around the market and the shops, to read 
newspapers, magazines, advertisements, etc., for detailed in- 
formation on the prices of all kinds of goods for sale in their 
area. They should also find out the rates of wages being paid, 
the selling price of farm produce, the cost of travelling, and any 
other money information which may help to give meaning and 
interest to their work in school. 

We should use this collected information in making up the 
examples given to the children. 


(2) The written work in addition of money 

The detailed steps in teaching addition of money are outlined 
on pages 284-7. But there are also a few points which we should 
keep in mind, so that we can help the children to understand, 
and be more accurate in their working. 

(a) ‘ Carrying ’ from pence to shillings — In dealing with British 

• Prices should also correspond with those found in local markets and shops 
(see paragraph (c)). 
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money children are faced with a new situation when they come 
to the ‘carrying’ step. They are previously used to the idea of 
‘carrying’ (to the tens-column) if the units total is ten or more. 
They now have to learn the idea of ‘carrying’ only when the 
total of pence is twelve or more, and then only after they have 
‘changed’ the pence into shillings. The idea is not difficult for 
children to grasp, if they have had plenty of practice in changing 
pence to shillings in shopping activities and at the ‘bank’. 

The children are already used to the idea of standard methods 
in ordinary addition. So it comes naturally to them 
to use standard phrases in dealing with money. In 
the example shown here, the standard working may 
be in one of two forms. 

In the first method the pence are changed into 
shillings while the addition is being done: — 

(/) ‘First add the pence. 

Eightpence and fourpence make a shilling. 

And sixpence makes one and sixpence. 

And sevenpence makes two shillings and a penny. 

Put the 1 penny in the pence-column of the answer, and 
‘carry’ the 2 shillings to the shillings-column. 

Now add the shillings. 

Two shillings I am carrying, and four make six; and three 
make nine; and eight make seventeen; and two make 
nineteen. 

Put the nineteen in the shillings-column of the answer. 

The answer is: nineteen shillings and one penny.’ 

In the second method the pence arc added together and changed 
into shillings after the total is reached, like this: 

(//) ‘First add the pence. 

Eight and four make twelve. 

And six make eighteen. 

And seven make twenty-five. 

Twenty-five pence make two shillings and a penny.’ 

We then continue as in the first method. 

( b ) Carrying from the shillings to the pounds — When children 
reach the stage of working examples where the total of shillings 
is twenty or more, we must decide upon the method to be 


s. d. 

2 7 + 
8 6 

3 4 

4 8 _ 

19 i 
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adopted and the standard phrases to be used. There are many 
variations in these and two of them are mentioned here: 

(/) Dealing with the shillings-column in the example shown, the 
shillings are added as ordinary numbers and the total changed 
into pounds like this: — 

2 

‘Five and six make eleven. l 

And eight make nineteen. 2 

And four make twenty-three. 1 

Now add the tens. 

Twenty-three and ten make thirty-three, and ten 2 
make forty-three, and ten make fifty-three. 

Fifty-three shillings are changed to two pounds, thirteen 
shillings. 

Put the “13” in the shillings-column of the answer, and carry 
the “2” to the pounds-column,’ etc. 


s. d. 

14 2 + 
8 0 

16 3 

15 4 


(/'/') In the shillings-column the units are added first, and the 
tens are then regarded as ten-shilling notes and added separately, 
like this: — 


‘Five and six make eleven. 

And eight make nineteen. 

And four make twenty-three. 

Put the “3” in the units-column of the shillings, 
and carry the “2” ten-shilling notes. 

Now add the ten-shilling notes. 

Two I am carrying and one makes three. 

And one makes four. 

And one makes five. 

Five ten-shilling notes make two pounds and one 
note. 


£ s. d. 
2 14 2 

1 8 0 

2 16 3 

1 15 4 

8 13 9 

2 2 


ten-shilling 


Put the “1” in the tcns-column of the shillings, and carry the 
“2” to the pounds-column,’ etc. 


This method has the advantage of using the idea of an actual 
part of British currency, the ten-shilling note, although it is 
considered by some teachers to lead to more mistakes in calcula- 
tion. But the idea is also helpful later when dealing with large 
numbers of shillings, as in some multiplication examples (see 
page 279). 
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C — Subtraction of money 

The detailed steps in the teaching of subtraction of money are 
given in Analysis 5 on pages 284-6. But we ought not to limit 
the work to mechanical examples such as those given there. It 
is important, particularly in the early steps, to make sure that 
the children understand that what they are doing is related to 
everyday life. So we continue to make plenty of opportunities 
for ‘shopping’ activities in which subtraction is needed. The 
children are each given a sum of money and are asked to buy 
certain articles with it. Before they go to the ‘shop’, they work 
out how much change they should receive. Then they make 
their ‘purchase’ and check that the money they are given in 
change is correct. If it is not, then either they themselves have 
calculated wrongly, or the ‘shopkeeper’ is wrong and the mistake 
must be put right. 

Children should be given other examples, in which they find 
the difference between two sums of money. These again should 
be based upon the information collected by the children them- 
selves inside and outside school. For example, if there is a 
school fund, they may find the difference between the amounts 
collected in successive terms, or the difference between the 
amount collected by two different classes during the year. They 
may also find the profit or loss on the school garden or farm 
produce, or on an animal that has been bought and sold. 

(1) The method of subtraction to be used 

When the children have reached the stage of subtraction where, 
for example, the number of pence in the top line is smaller than 
the number of pence in the bottom line, we are again faced with 
the decision as to which method of subtraction is to be used. 
The stages in Analysis 5 arc based on the method known as 
‘decomposition’, but the method of ‘equal additions’ is just as 
good, if properly understood by the children. What is most 
important is that we should not change the method we have 
previously used in dealing with numbers. If we have previously 
used ‘ decomposition we should continue with decomposition ’ in 
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subtraction of money. To do otherwise would greatly confuse the 
children. 

Both these methods of subtracting numbers, which are applied 
in the same way when we deal with money and measures, are 
fully described in Chapter XII. 

(a) Subtraction by ‘'decomposition — Here arc standard phrases 
which may be used in working an example of sub- 
traction, such as the one shown, using the method £ s c / 

of ‘decomposition’. (The example chosen is, of 12 6 4 - 
course, one of the later examples in Analysis 5, 

page 286, and should be led up to by carefully 

graded steps.) 

‘First deal with the pence. 

I cannot take five from four. 

So I use one of the six shillings (leaving five shillings), and 
change it to twelve pence. 


Now I have sixteen pence. * 

£ 

s. 

d. 

Five from sixteen leaves eleven. 

i 

25 

5 

16 

Put the “11” in the pence -column of the 

12 

6 

4 - 

answer. 

6 

9 

5 

Now deal with the shillings. 

5 

16 

11 


I cannot take nine from five. 

So I use one of the twelve pounds (leaving eleven pounds), 
and change it to twenty shillings. 

Now I have twenty-five shillings. 

Nine from twenty-five leaves sixteen. 

Put the “16” in the shillings-column of the answer. 

Now deal with the pounds. 

Six from eleven leaves five. 

Put the “5” in the pounds-column of the answer. 

The answer is: five pounds, sixteen shillings and elevenpence.’ 

(b) Subtraction by ‘ equal additions' — Here arc the standard 
phrases which may be used when the same example is done by 
the method of ‘equal additions’. 

* Some teachers prefer their children not to add the shilling 
(twelve pence) to the fourpencc. They first take the fivepcncc 
from the twelve pence and then add the fourpencc to what is 
left. The idea is also applied in the shillings-column when using 
one of the pounds. The example looks like this. 


£ s. d. 

20 

1 5 12 

12 6 4 — 

6 9 5 

5 16 11 
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‘First deal with the pence. 

I cannot take five from four. 

So 1 add one shilling (twelve pence) to the 
fourpence in the top line (making sixteen 
pence*), and add one shilling to the nine 
shillings in the bottom line (making ten 
shillings). 

Now return to the pence. 

Five from sixteen leaves eleven. 

Put the “II” in the pence-column of the answer. 

Now deal with the shillings. 

I cannot take ten from six. 

So I add twenty shillings to the six shillings in the top line 
(making twenty-six shillings), and add one pound to the 
six pounds in the bottom line (making seven pounds). 

Now return to the shillings. 

Ten from twenty-six leaves sixteen. Put the “16” in the 
shillings-column of the answer. 

Now deal with the pounds. 

Seven from twelve leaves five. 

Put the “5” in the pounds-column of the answer. 

The answer is: five sounds, sixteen shillings and elevenpence.’ 

D Multiplication of Money 

In everyday life it is very rare indeed for people to have to 
perform long calculations in the multiplication of money. If it is 
needed in business the work is usually done by using a ‘ready 
reckoner’. f Most of the everyday examples of multiplication are 
connected with shopping, and usually deal with small sums of 
money. In teaching this work to children it is most important 
to introduce it by ‘shopping’ and ‘buying and selling’ activities 
which have meaning for the children in their everyday lives. 
The early examples to illustrate multiplication (Chapter IX) 
involve buying several articles when the price of one is known, 
the total amount of money used being no greater than two 
shillings. 

In multiplying so that larger totals are obtained, children 
should still deal with amounts of money which they understand. 
For example, they may find the cost of eight sheep, if one sheep 

* Sec footnote on page 276. t Sec page 280. 
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£ .y. ii. 

12 6 4 

6 9 5 


£ s. (I 

26 it 

12 6 4 

7 10 

6 9 ? 

5 16 11 
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costs one pound, ten shillings; or they may find the amount 
spent on school books for a class of thirty-two if each child’s 
books cost ten shillings and fourpence. It is not necessary, 
however, to find practical illustrations for every example given 
to the children. Mechanical examples should also be given so 
that the children have plenty of practice in multiplying with 
speed and accuracy. 

(7) Setting down the work 

A detailed analysis of the steps in teaching multiplication of 
money are given on page 288. There are many methods in use 
throughout the world. The method given here of working and 
setting down is considered to be most likely to give accurate 
results. It also lends itself most easily to explanation, since it 
follows from the multiplication of ordinary numbers. 

The method depends upon : 

(a) The children’s knowledge of the multiplication facts. 

(b) Their ability to change from farthings to pence by dividing 
by four; from pence to shillings by dividing by twelve; from 
shillings to pounds by dividing by twenty. This changing can be 
done ‘in the head’, but, in the more difficult examples, should be 
properly set down so that possible errors can be seen. 

(c) The ability to multiply ‘up and down’ — that is, to under- 
stand the principle that, for example, 3 x 14 = 14 x 3. This 
principle becomes useful when multiplying by large numbers. 
For example, in multiplying 8 d. by 47, it is possible to get the 
answer by multiplying 47 by 8. 

The two examples here show a standard method of setting 
down and working. 

In the first example there is not very much calculation since 
the total of pence can be changed easily by reference to the 
pence table. 

(i) ‘First deal with the pence. 

Seven eights are fifty-six. 

Fifty-six pence make four shillings and eightpencc. s - d - 

Put the “8” in the pencr-column of the answer 7 x 
and carry the “4” to the shillings-column (under jy— 8 

the line). -4 — 
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Now deal with the shillings. 

Seven twos are fourteen. 

Fourteen and the four being carried make eighteen. 

Put the “18” in the shillings-column of the answer. 

The answer is: eighteen shillings and cightpence.’ 

The next example illustrates the last step of the process given 
in Analysis 5 on page 291. It should, of course, be led up to by 
carefully graded steps. We must also remember that such 
examples as this very rarely occur in everyday life. It is best to 
devote most time and attention to examples where smaller 
amounts of money are involved. 

(«) This second example (£37. 16s. 9 Id. x 47) shows the pro- 
cess where the working is set down in columns underneath the 
answer line. 


£ I 
37 i 
(47) | 

1 778 T 




4)144 

35 d. and If. 
and 2d. 


— £39. and 10s. 


These points should be noted: 

(i) The work should be well spaced out so that confusion in 
the working is avoided. Some teachers like the working in each 
section of the example to be separated by vertical lines (as in the 
example shown). 

(ii) Instead of multiplying by the ‘47’ it is easier to multiply by 
the ‘9’, and the ‘16’, etc. 

(hi) It is helpful to some children to write the ‘47’ in each 
column. 

(iv) The total in the farthings column (after multiplication) is 
changed to pence, which are put in the pence-column. The total 
of pence is changed to shillings (by dividing by twelve, using 
short division), which are put in the shillings-column. Similarly 
the total of shillings is changed to pounds which are transferred 
to the pounds-column. 

(v) The arrows shown in the example are not, of course, 
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required to be put in by the children, but standard phrases 
should be used if it is found that they are still needed. 

(2) Short methods 

In dealing with money, particularly where multiplication is in- 
volved, there are often occasions when short methods of calcula- 
tion are possible. Children should be shown these methods and 
encouraged to look for the occasions when they can be applied. 
It is a source of interest and delight to them to find that the 
calculation can be made quickly, but they ought also to under- 
stand the reasons for such methods. Here are four examples. 
The teacher in his own area may find many others. 

(/) The cost of a dozen (twelve) articles at one penny is one 
shilling. Therefore the cost of a dozen (twelve) articles at any 
number of pennies is the same number of shillings. 

For example: Because 12 articles at Id. cost 1 shilling, 

12 articles, at 5 d. each, cost 5 shillings; 

1 2 articles, at 4 \d. (four and a half-pence) each, 
cost 4 shillings and sixpence (four and a half 
shillings). 

(//) The cost of twenty articles at one shilling is one pound. 
Therefore the cost of twenty articles at any number of shillings is 
the same number of pounds. 

For example: 20 articles, at 9 shillings each, cost 9 pounds. 

(///) If a sum of money to be multiplied is near to a ‘round’ 
figure it is easier to multiply the round figure and then subtract. 

For example, £2. 19 j. 10 \d. multiplied by 48 could first be 
considered as £3 multiplied by 48. Forty-eight 
three half-pences could then be subtracted to 3 ^6 6 x 

give the required answer, as shown here: 48 

(/v) It is sometimes a good idea to build up 144 0 0 

with the children a ready reckoner which can be 6 0 

used for local purposes. For example, if the 143 14 0 

price of local vegetables (or other commodity) 
varies between 5\d. and l\d., children may make up a ready 
reckoner as shown in Chart VI. 

E — Division of money 

In the early work dealing with money the children meet the 
division process very simply in the form of problems occurring 
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CHART VI 


A READY RECKONER 



5 id. 

6 d. 

6\d. 

Id. 

nd. 

etc. 

etc. 

1 


5 id. 


6 d. 


6\d. 


Id. 

nd. 

etc. 


2 


lid. 

Is. 

0 d. 

15. 

1 d. 

15. 

2d. 

1 5. 3 d. 

etc. 


3 

Is. 

4\d. 

1$. 

6 d. 

15. 

iid. 

15. 

9 d. 

1 5. 10 \d. 



4 

1 s. 

K )d. 

25. 

0 d. 

25. 

2d. 

25. 

4 d. 

2s. 6 d. 



5 

Is. 

3 id. 

25. 

6 d. 

25. 

8 id. 

25. 

11 d. 

Is. 1 id. 



6 

2s. 

9 d. 

35. 

0 d. 

35. 

3 d. 

etc. 

etc. 



7 

3 s. 

2 id. 

35. 

6d. 

35. 

9 id. 






8 

3 s. 

8 d. 

45. 

0 d. 





i 

i i 


9 

4s. 

1 3d. 

45. 

6 d. 

etc. 



I 


10 

4s. 

Id. 







1 


11 

5s. 

OH 

etc. 







12 

5s. 

6d. 









13 

5s. 

1 1 id. i 









14 

6s. 

5 d. 









15 

6s. 

10Ki 









etc. 

etc. 










Note — A chart of this kind should be made up with the children. The figures 
for prices and quantities should be suited to the sales of some local commodity 
with which the children are familiar. 


during ‘shopping’ activities. For example, they find that the 
article they want to ‘buy’ has a price label marked ‘3 for Is.’. 
They find out by division how much they must pay for one 
article only. In the early stages this work is not very different 
from the division of ordinary numbers (see Chapters VIII and 
XIV, which it is advisable to re-read in this connexion). An 
understanding of the two-fold aspect of the process is necessary 
to a full understanding of methods of teaching division of 
money. Arising from this two-fold aspect of division, there are 
two different kinds of division problem in dealing with money. 

For example : — 

(a) If 15 articles cost 10 shillings (120 </.), how much does one 
cost? 

This can be written down as 120d. -4- 15 = 8 d., i.e. a 
straightforward sharing example. 

( b ) If one article cost 1 s. 3d. (15 d.), how many can be bought for 
ten shillings (120</.)? 

This can be written as 120 d. 4-15 d. = 8. (Both amounts 
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must be changed to the same unit before division takes 
place.) 

In the first example the answer is eight pennies. 

In the second example the answer is eight articles. 

The graded steps in teaching both these aspects of the division 
of money are set out in Analysis 5, page 288. 

(a) Division by sharing — In the sharing 
examples the process is exactly as in long 
division except that remainders in each 
column have to be changed to the next unit. 

For example, here is a problem (/) in which 
the shillings remaining after the division 
has taken place must be changed to pence. 

‘Share 2s. Id. between 5 boys. How much do they each 
get?’ 

In an example like this (//): ‘If 16 articles cost £59. 145. 8 d., 
what does one cost’, the remain- 
der in pounds has to be changed 
to shillings and the remainder 
in the shillings has to be changed 
to pence. 

Note .— In dividing the 234 
shillings by 16, it is necessary 
to deal with the 23 ten-shilling 
notes first. 

This kind of calculation is 
very seldom required. The ex- 
ample is included here in order to demonstrate the process in 
full. 

( b ) Division by grouping — This is illustrated by the following 
problem: ‘How many sheep, each costing £1. 2s. 9 d., can be 
bought for £20. 125. 8 d., and how much is left over?’ 

It can be seen that the problem is to find out how many times 
the smaller sum of money is contained in the larger. The division 
can only take place if both sums of money are changed to the 
same unit. The convenient unit in this example is the penny. 


£ s. d. 

3 14 8 

16)59 14 8 
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Both sums must be changed to pence, and then the answer is 
found by long division as shown.* 


£ 

s. 

d. 

£ 

5. 

d. 

1 

2 

9 

20 

12 

8 

20 

20 

264 

20 

400 

4944 

205. 

22 

12 

264c/. 

21U 

4005. 

412 

12 

4944 d. 

4952c/. 


_ 18^ 

273)4952 

273 

2222 

2184 

38 

The answer is : eighteen sheep and there is 3 s. 2d. (38 d.) left over. 

F— Summary of points to remember in teaching 'money' 

1. A suitable graded scheme of work (such as that given on 
pages 484- 91) should be followed. 

2. The work, particularly at the early stages, should be based 
on shopping and everyday money transactions. 

3. The money facts should be thoroughly learned. 

4. Special attention should be paid to the accurate setting down 
of the work at each stage, particularly when ‘changing’ and 
‘carrying’ are involved. 

5. The teachers in a school (or area) should get together and 
decide upon the standard methods to be used for calculations. 

• Again we must beware of wasting children's time. This type of example is 

rare, and is given here merely to show the process. 



ANALYSIS 5 

Suggested stages and steps in the teaching of money 
(see Chapters IX and XVI) 
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Continued for Multiplication and Division 
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and Problem-type examples, on pages 

288-91. 
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Continued for Multiplication and Division 




(/V) Changing pence to shillings 
and shillings to pounds. 
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and Problem-type examples, on pages 288-91 
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Except, of course, in areas where the particular coin is not used. 
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(c) Multipl>ing shillings and 
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(d) Multiplying pounds and : 
shillings. ! 
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SOMETHING TO THINK ABOUT— 7 

{Measurements) 


Imagine that you are a child and that your teacher is 
introducing a system of measuring length. You are told 
that the chief unit of length is a ‘ Ning\ Smaller units are 
the ‘ Lair\ ‘ Rhof, and ‘ Par ’, whilst larger units are the 
*Ish\ ‘ Noh\ and ‘ Gud\ The units are related in the 
following way and can be written down in a ‘table of 
length’ : — 


3 

Pars 

1 

Rhot 

10 

Rhots 

1 

Lair 

8 

Lairs 

1 

Ning 

24 

Nings 

1 

Ish 

12 

Ishs 

1 

Noh 

20 

Nohs 

1 

Gud 


You are told to learn this ‘table’. It does not interest you 
very much but, since you may get into trouble if you do 
not learn it, you make an attempt; and after a time you 
know it well enough to satisfy your teacher. 

By reference to the ‘table’ you can now ‘do’ examples 


similar to the following: — 



( 1 ) 

Nings 

Lairs 

Rhots 

Pars 


2 

3 

8 

2 + 


12 

5 

_ 2 

1 

(2) 

Guds 

Nohs 

Ishs 

Nings 


15 

8 

4 

5 x 


7 


(3) Change 10,000 Pars to Ishs, Nings, Lairs, Rhots 
and Pars. 
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Try these examples yourself and check the answers.* 

Now let us try another kind of example. (You may 
find them harder than (/), (2) and (3), though they do 
not appear so.) 

( 4 ) About how long is this page (in Lairs )? 

(5) Can you guess your height in Ningsl 

(< 6 ) What is the approximate length of the room in 
which you are sitting (in Ishs)l 

(7) About how far is it from your home to school 
(in Guds)l 

We cannot answer these questions. We have no idea of 
the actual length of any of the units, and so we cannot 
begin to estimate any of the lengths asked for. We are 
in the strange position of being able to do quite difficult 
calculations in length without having any idea of what 
the lengths are. The table helped us to do questions (7), 
(2) and (2), but it does not help when we deal with real 
things. 

Now suppose that you are told that this line is one 
Ning long : 

Can you now answer questions ( 4 ) to (7)? Probably you 
make a good attempt at ( 4 ) and (5), but find that (6) and 
(7) are not very easy. 

You are now experiencing difficulties similar to those of 
a child, who has been compelled by his teacher to learn 
tables of length, and to work out difficult calculations, 
without having been given actual experience of: 

(a) what is meant by length; 

(b) handling and using actual units of length; 

(c) seeing the relationships between units of length by 

comparison with real objects; 

(d) estimating the lengths of familiar objects in 

familiar units. 


• (/) 15 Nings, 1 Lair, 1 Rhot, 0 Pars. 

(2) 107 Guds, 18 Nohs, 5 Ishs, 11 Nings. 

(J) 1 Ish, 17 Nings, 5 Lairs, 3 Rhots, I Par. 
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If we are not very careful, we are in danger of putting 
our pupils into this position when we teach about length 
or any other kind of measurement. 

You have perhaps noticed that the names of the ‘new’ 
units of length used here (Par, Rhot , Lair , Ning, Ish , 
Noh, Gud) may be put together to make up the sentence, 
‘Parrot-learning is no good’. The words have been 
chosen deliberately to emphasize a very important 
lesson for us teachers. 

Parrot-learning is no good for children (or grown-ups) 
in Arithmetic. We must have enough experience of 
using the numbers and measures to make them under- 
standable. Far too many teachers, in the past, have in- 
sisted upon children learning like parrots. They have 
been satisfied if the children could repeat correctly what 
they have ‘learned’. Whether or not the children under- 
stood what they learned by rote did not seem to matter. 
The same teachers often gave their children meaningless 
examples to work out, and were satisfied if the children 
got the right answer by following meaningless rules. 

If we remember that ‘Parrot-learning is no good’, we 
shall try to ensure that children understand the work 
they are doing. 



CHAPTER XVII 


MORE ABOUT MEASURES 

Before going on to describe in detail the later work on length, 
weight, capacity and time, it is well to consider in general the 
main aims and methods in teaching measures and measuring 
to children. 

The ability to use measures is necessary for all those who are 
going on to study science and for many people engaged in 
various professions and trades. It is, moreover, an ability which 
is always useful, and sometimes necessary, in our everyday lives. 

(/) ‘ Natural ’ measurement 

It was from their everyday lives that men first chose the units they 
needed for measuring. They chose ‘natural’* units. For example, 
they chose the length of a man’s foot to measure the length of 
a room; they chose one outstretched arm to measure a length of 
cloth; they chose a man’s stride to measure the length of a field. 
Moreover it was to satisfy the needs of their everyday lives that 
men agreed upon standards of measurement. They found that 
argument and strife were unavoidable if traders, and the people 
who bought from them, could not agree exactly upon what was 
meant by any particular unit of measure. It was easy for dis- 
honest traders to cheat if no one knew exactly what were a foot, 
a yard, a pound or a pint. The ancient Egyptians found it neces- 
sary, for example, to come to an agreement whereby they could 
measure out the exact portions of their land after the River 
Nile’s annual flood-waters had gone down, leaving behind them 
mud-covered fields where boundaries had been washed away. 

The first principle to remember, then, in teaching measures to 
children is this: since measures have grown out of man’s needs and 

* That is, they naturally made use of the things that happened to be con- 
veniently near; for example, parts of their own bodies, a shepherd’s stick. 

An example of an artificial system of measures, which did not grow out of 
man’s natural surroundings, is the metric system invented by the French in 1792. 
The units in the metric system were thought out by scientists and imposed upon 
the people. They were not chosen by the people themselves. 
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from his experience , we can teach children best by using the natural 
situations which are to be found in the places where they live , work 
and play. We do not then use examples (to be found in some poor 
text-books) which the children cannot possibly understand. For 
instance, in places where wall-paper and fitted carpets arc never 
used, it is ridiculous to expect young children to work examples 
about measuring wall-paper and carpe ing floors. Examples 
should always be chosen from the area where the children live 
and should be based on things about which they know. 


(2) Standard units and their relationship 

When men were first learning to measure they found (as children 
do when they are learning — see Chapter X) that, if they wanted 
to measure the length of small objects, they needed to use a 
smaller unit than the foot. They also found that to measure a 
field the foot was again an inconvenient unit: they needed some- 
thing larger (for example, the yard). For measuring longer dis- 
tances they needed a still larger unit (such as the mile). Each 
unit was invented, in the first place, for a particular purpose, and 
in many cases it was not possible to change easily from one unit 
into another because there was no fixed relationship between 
them. 

But when men began to agree upon standard units of measure- 
ment they found it necessary also to agree upon the relationship 
that should exist between the smaller and the larger units, to 
make sure that they could easily be changed. For example the 
length of the inch was chosen so that there would be exactly 
twelve of them in a standard foot. It was also found convenient 
for the yard to be thought of as three feet, which could be 
changed, if necessary, into thirty-six inches. The second principle 
of the work in measurement may now be stated: It is necessary 
for cnildren to know the agreed relationships between various units 
of measurement: that is, they should know the facts in the tables 
of measures. Teachers should provide activities and experiences 
in which children can ‘see’ such relationships for themselves, 
can understand the need for them, and then learn them. 



MORE AROUT MEASURES 297 

(J) Examples should be '‘real' 

It is not necessary for children to be able to work out difficult 
calculations, in which they have to change a number of units of 
one kind into several other units (for example: 10,000 ounces to 
tons, hundredweights, pounds, and ounces), or to change a 
number of different units into smaller units (for example: 7 miles, 
30 yards, 2 feet, 6 inches to inches). Such examples rarely, if ever, 
occur in everyday life, nor do they often occur in the trades or 
the sciences. 

There is no need to learn to calculate in more than two (or, at 
the most, three) units at a time. All measurements, speaking 
scientifically, arc approximations. Though the units may get 
smaller and smaller there is never a point at which any measure- 
ment is absolutely exact. For instance, machines in industry 
measure lengths too small to be seen by the eye. But, if they 
measure to a thousandth part of an inch, it is not claimed that 
such a measurement is absolutely accurate, because the article 
being measured may be two or three ten-thousandth parts of an 
inch greater or smaller than the machine can allow for. 

In everyday life we are continually making approximate 
measurements. For example, if we want to measure the distance 
between two towns, we are satisfied if the answer is in miles: we 
are not concerned with measuring to the nearest yard. If we 
measure a fieid, yards and feet are enough: we do not bother 
about inches. If we measure a smaller object, like a book, we 
may expect to use inches and simple fractions of an inch, but not 
thousandths of an inch. It is usually accurate enough for every- 
day purposes to be able to say: ‘That weighs about two pounds’ 
(after putting the article on the scales); ‘The journey takes just 
under halfan-hour’ (we do not time it to the exact second); ‘The 
lorry goes about twenty miles to the gallon’ (we cannot be sure 
to an exact mile, still less to a yard); The field is about three and 
a half acres’ (it is not worth our time or trouble to count each 
square foot, still less each square inch of soil). 

So here is the third principle we must remember in teaching 
measurement: there is no need to give children difficult calcula- 
tions which bring in many different units at the same time. (For 
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example, multiply 1 mile, 3 furlongs, 25 yards, 2 feet, 6 inches, 
by 17.) Such examples arc seldom useful and should be avoided. 

(4) The importance of estimation (‘ guessing ’) 

The last point to be considered is the value of getting children 
to make intelligent ‘guesses’ or estimates of the answers they are 
to find in measuring. This practice was suggested in Chapter X 
at the early stages of measuring, and it should be continued at all 
later stages. Estimation helps children in two ways. Firstly, it 
helps to direct their attention to the actual size of the unit with 
which they are dealing, so that they become more and more 
familiar with it. For example, if they are estimating the height of 
a room in feet, they have to think of what a foot looks like and 
keep it ‘in the mind’s eye’ while they look at the height of the 
room. Secondly, estimation helps to stop children from giving 
absurd answers to their questions in measurement. For instance, 
if a child makes a fair estimate of the weight of an object which 
he has handled as about ten pounds, he is less likely, after weigh- 
ing the article, to write down the weight as fifteen ounces. 

So that the fourth principle to remember is: practice in estima- 
tion should be given at all stages. 

The work in the next four chapters is concerned mainly with 
describing the steps in teaching measures to children, including 
the processes of addition, subtraction, multiplication and divi- 
sion. But we must remember, throughout, what is said here and 
in previous chapters about the necessity for the work to be as 
practical as possible and to be linked with the children’s everyday 
life. Only in this way can our teaching have real vitality and the 
children’s learning be permanent. 



SOMETHING TO THINK ABOUT— 8 
(‘ Natural ’ and ‘ standard ’ lengths) 

In the section preceding Chapter XVI it is suggested that 
our teaching is more interesting and helpful when we 
know a little about the history of measures, and how 
their names and abbreviations have come into common 
use. Let us consider here the measures of length dis- 
cussed in the next chapter. (If we live in an area where 
different units of length are used, we should try to find 
out how our particular units of length came into being.) 

Most early measures of length made use of the parts 
of the body. This ‘rough and ready’, but natural, system 
is still used almost everywhere, unless greater accuracy 
is necessary. The length of a man's stride and a man’s 
foot, for example, have always been useful aids for work 
in the garden or on the farm. Both are personal and 
natural measures, and serve a good purpose, so long 
as the measurements do not have to be accepted by 
other people (whose ‘strides’ and ‘feet’ may be different). 
Other measures of length made use of the arms and the 
hands. For example, the length from the elbow to the 
tip of the middle finger was a common measure in many 
countries; it was called the ‘cubit’. The distance be- 
tween the tips of the little finger and the thumb of the 
outstretched hand was called the ‘span’; the width of 
the hand across the base of the fingers was the ‘palm’ ; 
the width of the finger was the ‘digit’. 

The early measures for longer distances were based 
upon happenings which occurred in everyday life. For 
example, the Romans used the distance covered in a 
thousand paces (a ‘pace’ was a double step) as their 
unit. And it is from the Latin mi lie passus (a thousand 
paces) that we get the present-day word 'mile'. In 
England the word ‘furlong’ (220 yards) grew out of the 
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expression ‘furrow-long’, that is, the distance that a 
horse or ox could pull a plough before having to pause 
for a rest. 

Sometimes the units were divided into smaller parts. 
For example, the Romans divided their ‘foot’ into 
twelve parts, called unciae, from which we get the word 
‘inch’. Simple relationships between the various units 
were also used. For example: — 

4 digits = 1 palm 
3 palms — 1 span 
2 spans — 1 cubit 

But when Man began to trade further afield, when he 
needed to build more accurately, and as he became more 
and more interested in science, he found that such 
measures were too uncertain. They varied too much 
from place to place. Traders found that standard units 
were necessary for fair dealing, and builders and scien- 
tists found that standard lengths were necessary if 
accurate calculations were to be made. 

However, uniformity in the measures of length came 
slowly in most countries. Real progress came only when 
‘natural’ units were replaced, or were more accurately 
defined, by the length of a particular metal bar, or by 
the length of special marks on a wall. Then exact 
copies of the standard length could be made and were 
available for everybody. It is interesting to note that 
the Roman measure of length was cut in the base of one 
of their famous statues in Rome, and that the ‘yard’ is 
marked on the base of a monument in London. (The 
word ‘yard’ comes from an Anglo-Saxon word meaning 
a piece of wood, that is, from the idea of a piece of 
wood of a given length.) 

The standard yard is now based on the length- be- 
tween two specified positions on a bar of platinum kept 
in London. This piece of metal is very carefully looked 
after and is kept at a given temperature so that the 
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length does not vary. The legal measures of length now 
in common use (in Britain) are all based on this standard 
yard. For example, the ‘ chain the seventeenth-century 
metal measuring chain, is now defined as twenty-two 
standard yards. 

The common legal measures are related to the 
standard yard thus : — 

12 inches = 1 foot 
3 feet = 1 yard (= 36 inches) 

22 yards = 1 chain 

10 chains = 1 furlong (= 220 yards) 

8 furlongs - 1 mile (= 1,760 yards) 



CHAPTER XVIII 


FURTHER WORK ON LENGTH 

In early work in measuring, as described in Chapter X, children 
learn by experience about units of length (the inch, the foot and 
the yard) and the relationships which exist between them. This 
involves, inside and outside the classroom, all kinds of activities 
in which they are intelligently ‘guessing’ the lengths of various 
objects and distances. They then see whether their guesses are 
accurate by using foot-sticks (marked off in inches) and yard- 
sticks (marked off in feet). After this kind of measuring practice 
some children are found to have a surprising ability to estimate 
distances. They have grasped the relationship between the units 
of length and have a ‘picture in their minds’ of what each 
unit is. 


A Further activities 

It is most important that this practical work in measurement 
should be continued in learning about the other units of length. 
It is wrong to go on quickly to written calculations before 
children really understand the measures with which they arc 
dealing. This understanding comes only from activities in which 
the units of measurement are constantly being used. 

(a) Measuring in half-inches and quarter-inches -The foot-sticks 
or strips marked off in inches which were used previously should 
now be marked off by the teacher in half-inches, and later in 
quarter-inches. Practice should be given in measuring objects 
and prepared lines (sec Fig. 108, page 308) to the nearest half- 
inch and then to the nearest quarter of an inch. We should show 
the children how the half and the quarter arc written down, vi/. 
{ and We should also explain that the ‘2’ indicates that the 
inch is split up into two equal parts and that the ‘4’ indicates.that 
the inch is split up into four equal parts. (This is valuable in- 
formation when the children begin to learn more about frac- 
tions. The children also see for themselves that, when measuring 
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certain lines, they need to make use of the half-inch and the 
quarter-inch. For example, when they find that a line measures 
four inches and a half-inch and a quarter-inch, that is 4| inches, 
they are led to the conclusion that i + i = i-) 

(b) Measuring in chains — If it is not possible to get a proper 
metal chain, or a measuring tape, the children may use a piece 
of rope or string, twenty-two yards long, marked olT in yards. 
This can be used to measure longer distances, such as the sides 
of the school playing-field or games area, garden or farm plots, 
or the length and breadth of the school building. It is also a good 
idea to make, somewhere in the school grounds, two marks 
twenty-two yards apart, so that the children are helped to get a 
mental picture of the length of a ‘chain’. In countries where the 
game of cricket is played, the children are given the helpful 
information that the standard distance between the wickets (that 
is, the length of the pitch) is exactly twenty-two yards (or one 
chain). 

(e) Measuring in furlongs — This unit of length is best introduced 
by referring to the way in which the word came into being 
‘furrow-long’, see page 299). (Similarly, the Hindus have a word 
meaning ‘breath’ to indicate the distance a man can run at full 
speed.) 

The children should go out into the fields or on a track or road 
with the ‘chain’ (or a rope marked off in yards). They should 
start from a particular spot, a stake, a tree, or the corner of a 
building, and go on to measure ten chains, that is two hundred 
and twenty yards or one furlong. When this point is reached 
another stake should be put in the ground, or the spot should 
be suitably marked in some other way. 

The children get a better ‘picture’ of the distance if they also 
count the number of their own strides to cover the furlong. They 
may also find out how long it takes to run the distance going as 
fast as they can. 

(d) Learning about miles — The word mile is probably known to 
most children through their knowledge of local signposts, but it 
is surprising how few children (or adults) are really good judges 
of how long a mile is. This fact probably accounts for the wrong 
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information which many people give to travellers who ask for 
directions ! 

Again it is important for the children to know a number of 
places which are about a mile from the school. It is not necessary 
for all of them to measure the distance, but a small group may 
set out to establish the fact that a mile is eight furlongs and 
report back to the rest of the class. They should also learn from 
practice that it takes them about twenty minutes to walk a mile 
and about eight minutes to run the same distance (unless they 
are great athletes !). Children who live a given number of miles 
from school can check these rough statements, and may con- 
tribute to a discussion as to why a mile uphill seems longer than 
a mile downhill. 


(e) Using athletic achievements — Children are keen to show their 
ability in races and other athletic events. The teacher can use 
this interest to widen their experience and knowledge of measure- 
ment. For example, having found that the approximate distance 



round the playing-field is 440 yards the 
children can find out how many times 
they must go round the field to cover 
a distance of one mile. 

They can also get much practice in 
measuring distances covered in such 
athletic ‘events’ as throwing a ball, 
long (broad) and high jumps, etc. 
Even young children become inter- 



ested when they see older ones 
competing. And the older children 
often take an interest in marking out 
pitches, watching adult athletics, 
hearing of national and international 
records, etc. 

(f) Using the measuring-wheel ---This is 
an easy instrument to make. It consists 


figure 106 .— a mcasur- of a wooden wheel, the circumference 


ing-wheei. (Each time the of which is known, and which can be 
wheel goes round the nail , . , , , „ 

strikes the metal strip) pushed along by a handle (Fig. 106). 
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(Alternatively, old bicycle wheels may easily be adapted.) A 
piece of thin metal, fastened to the handle, strikes a nail on the 
wheel every time the wheel makes one turn. The children can 
work out the distance covered by multiplying the circumference 
by the number of turns that the wheel has made. (If the class has 
a number of wheels of different sizes the children can begin to 
get an idea of the relationship which exists between diameter and 
circumference.) 

(g) Using the pacing-stick — This is a useful and simple piece of 
apparatus for measuring yards. It is made of two pointed sticks 
of equal length hinged at the top. A 
metal (or wooden) bar joins the two 
‘legs’ so that the points of the sticks are 
exactly a yard apart (Fig. 107). (The 
bar may be moved to give longer or 
shorter distances.) The child who is 
measuring, for example, the length of a 
path, swings the pacing-stick on its 
point and counts the number of yards 
measured as he goes along. 

(h) Keeping records — Whenever they 
go out on visits or expeditions some of 
the children should carry some kind of 
measuring instrument. It is a good 
plan for them to guess the width of 
streams, the height of tree, and buildings, the depth of cliffs, 
wells, etc., and then, where possible, to verify their guesses by 
measurement and put the information down in a note-book. 
(J) Drawing plans — Simple plans of the class room and school 
and simple maps of the area may be made when the children 
are able to measure with fair accuracy. This kind of activity is 
discussed in more detail in Chapter XXIV. 

In these activities the children are not only gaining an insight 
into the meaning of the various units of length, they are also 
getting the vocabulary and experience which help them to solve 
the problems they may meet from day to day, and the written 



FIGURE 107. The 
pacing-stick 
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problems they meet in arithmetic. They begin to realize that 
height and depth, width, breadth, shortness, tallness, etc., are all 
aspects of length, and that each particular problem requires the 
use of particular units of length. 

B — Changing units of length 
(/) Learning the facts' (the table of length) 

In order to be able to calculate and work out problems involving 
the changing of one unit of length into another it is necessary to 
know the relationships between the units. This knowledge is 
based upon the practical work in measuring which has been 
described, but the children should also learn the ‘facts’ of length 
so that they know them without having to refer to apparatus like 
rulers and yard-sticks. 

The table of length should be built up as a chart with the 
children, who should learn it thoroughly. (Chart VII shows the 
completed table.) 


CHART VII 
(a table of lengths) 


12 inches (in.) = 

3 feet (ft.) — 

[36 inches (in.) = 

22 yards (yds.) = 

10 chains (ch.) = 

8 furlongs (fur.) = 

*[1,760 yards (yds.) = 


1 foot (ft.) 
i yard (yd.) 

1 yard (yd.)] 

1 chain (ch.) 

1 furlong (fur.) 
1 mile (ml.) 

1 mile] 


The abbreviation for each unit is given in parentheses. There 
are only seven facts to be learnt, but the children should also be 
given practice in changing a number of units quickly. For 
example, we may give oral questions like this: 

8 yards — How many feet? 

3 chains — How many yards? 

5 feet — How many inches? 

2 miles — How many furlongs? etc. 

The children soon begin to realize that in changing units of 

* The more able children should eventually realize that factors of 1,760 are 22, 
10, 8. Most children should also see that a furlong can be considered as 220 yards, 
that a half-mile is 880 yards and a quarter-mile is 440 yards. 
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length (in the British system) it is useful to know, and to be able 
to use accurately, the table of twelves, the table of threes, the 
table of elevens (a half of twenty-two), the table of tens, and the 
table of eights. 


(2) Changing by written calculation 

For certain examples, requiring multiplication and division, it 
becomes necessary to change units of length by written calcula- 
tion. But it is rarely found necessary in everyday life, and we 
should not attach too great importance to this aspect of the 
work. When it does become necessary, this written changing 
should be done by the same methods as those used in dealing 
with money calculations. For example: 


yds. ft. in. 

5 2 9 

_3 15 204 

15 ft. 17 213 in 

12 

204 in. 

ins and yards.’ 

This is worked by two divisions: first, 57 ch. 5 fur 

dividing by 22 to bring to chains; then, 22)1257 10)57 

dividing the 57 chains by 10 to bring to ch 

furlongs. The answer is: 5 furlongs, 7 154 

chains, and 3 yards. 3 yds. 


(/) ‘Change 5 yards, 2 feet, 9 inches 
to inches.’ 


C — Length and tlie arithmetical processes 
(7) Addition of length 

The examples should be based, to begin with, upon actual mea- 
suring work which the children do. For example, in adding 
inches and parts of an inch, the children may be given a sheet of 
prepared lines, which they have to measure and add (Fig. 108). 

Similarly, work-cards may be given for the other units: for 
example, cards with instructions, as in Fig. 109. 

We should always make up such cards to suit our own class 
room and surroundings. 
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FIGURE 108. — A work-sheet for the measurement of lengths 
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Card /.You need a yard-stick and a foot-rule. 

Measure the length and breadth of the teacher’s table. What is the total distance 
round it? 


(For three children together.) 

Card 12. You need a yard-stick and a foot-rule. 

Each choose a different length which you are going to draw. First calculate, in 
your books, what the total length of these lines should be. Now go outside and 
draw your lines end to end so as to make one long straight line. Measure this 
line and compare it with your written answer. 


Card 4. You need a chain (or string) and a yard-stick. 

There are three pieces of road from the farm plot to the class-room door. Go 
and measure them. What is the total length of the pathways? 

FIGURE 109. — Specimen work-cards (for measurement and addition of 

length) 

The wi itten work for card 1 may look like the ex- 
ample shown here. We point out to the children 
that the method is exactly the same as in adding 
shillings and pence, since the total of inches has to 
be changed to feet by dividing by twelve. 

The written work for card 4 may look like 
this example (though some children may give the 
yards only, depending on the measuring instrument 
they have used). 

The detailed steps in teaching addition of length 
are given in Analysis 6, pages 315-18. By using 
the suggested steps we can give suitable examples 
for the children to practise at each stage. 

(2) Subtraction of length 
The work should again be based, to begin with, on prepared 
sheets of lines (similar to those used for addition) and on work- 
cards which involve subtraction. For instance, the sheet of pre- 
pared lines may have this kind of question: 

(/) Measure these two lines. How much longer is one than 
the other? 


ft. 

in. 

3 

4 T 

2 

** 

3 

4 

2 

3 

11 

2 

1 


answer in 

ch. 

yds. 

ii 

15 + 

22 

10 

1 

6 

35 

9 


i 
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(//) How much more is the length of this oblong than its 
width? 

Two typical work-cards in subtraction are shown in Fig. 1 10. 


Card A. Find the difference between the height and the width 
of the class-room door. 


Card B. Measure the shadows of two trees. Which is the 
longer? By how much? 

FIGURE 1 10.— Specimen work -cards (for subtraction of length) 


We must make sure that, in teaching subtraction of length in 
written form, we use the same method as we used for subtraction 
of money and ordinary numbers. If, for example, we use the 
method known as ‘decomposition’ we should continue to use it. 
If, on the other hand, the children arc accustomed to the method 
known as ‘equal additions’ they should not change it, if con- 
fusion and inaccuracy are to be avoided. 

Here is an example of subtraction of length worked by the 
two methods. (A subtraction of this nature is seldom needed. 
The three units are included in order to demonstrate the process 
fully.) 

(a) Using the method of ‘decomposition’ the suggested 
standard phrases are : — 


‘First deal with the inches. 

ds. 

ft. 

in. 

I cannot take ten from seven. 

8 

2 

7 

So I use one of the two feet (leaving one 

3 

2 

10 

foot). 

— 

— 

- 

I now have nineteen* inches. 

ds. 

ft. 

in. 

Ten from nineteen leaves nine. 

7 

4 

I 

19 

Put the “9” in the inches-column of the 

8 

l 

7 

answer. 

3 

2 

JO 

A 

Now deal with the feet. 

4 

2 

9 


I cannot take two from one. 

So I use one of the eight yards (leaving seven yards). 
I now have four feet. 

Two from four leaves two. 


• Sec the note on page 172. 
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Put the “2” in the feet-column of the answer. 

Now deal with the yards. 

Three from seven leaves four. 

Put the “4” in the yards-column of the answer. 

The answer is: four yards, two feet, nine inches.’ 

C b ) Using the method of ‘equal additions’ the 
standard phrases are : — 

‘First deal with the inches. ds. 

I cannot take ten from seven. 8 

So I add one foot (twelve inches) to the 4 

seven inches in the top line (making ^ 

nineteen* inches), and at the same time 

I add one foot to the two feet in the 
bottom line (making three feet). 

Ten from nineteen leaves nine. 

Put the “9” in the inches-column of the answer. 

Now deal with the feet. 

1 cannot take three from two. 

So 1 add one yard (three feet) to the two feet in the top line 
(making five feet), and at the same time I add one yard to 
the three yards in the bottom line (making four yards). 
Three from five leaves two. 

Put the “2” in the feet-column of the answer. 

Now deal with the yards. 

Four from eight leaves four. 

Put the “4” in the yards-column of the answer. 

The answer is: four yards, two feet, nine inches.’ 


suggested 


ft. in. 

5 19 

2 7 - 

2 10 


(3) Multiplication of length 

There arc not many situations in everyday life when it becomes 
necessary to multiply lengths. We should, however, continue 
to use work-cards as a basis for multiplication examples, and 
should not place too much emphasis upon long calculations 
which tend to make the work unreal. Three typical work-cards 
in multiplication are shown in Fig. 111. Such cards are based on 
actual measuring activities, so that the children are getting 
practice, first in understanding and carrying out written direc- 
tions, and then in making written calculations in multiplication. 

• See footnote on page 175. 
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Card Ml. Draw a square with sides of 5J inches. 

Find by multiplication the distance round the 
square. 


Card M2. Measure the length of a desk. If we put eight 
desks end to end, how far would they reach ? 


Card M3. Measure the distance round the playground. 

What distance would you have travelled if 
you ran round it six times? 


FIGURE 11 1.— Specimen work-cards (for multiplication of length) 


The suggested method of working and setting down is the same 
as for multiplication of money. 

(4) Division of length 

It is again necessary to emphasize the importance of relating 
division examples to actual situations where division is neces- 
sary. Work-cards should be used, so that the children combine 
practical measurement with written calculation. These cards and 
other written problems should give practice in both forms of 
division — that is, in sharing and grouping. 

(a) Sharing examples (for work-cards)— 

(z) Get a long piece of rope (or string). Tie a stone on the end. 
How can you use this to find the height, from the ground, of a 
branch of a tree? (If necessary the teacher can explain that the 
rope can be thrown over the branch until the rope is double. The 
rope is marked where it touches the ground. It is then measured 
as far as the mark. This length is divided by two to give the 
height of the branch.) 

(zz) Here is a round pole with thin wire (or string) wrapped round 
it. Count the number of rings of wire. Now take the wire off, 
straighten it out, and measure it. How can you find the distance 
round the pole? Do it. 

(Hi) Take this long strip of paper and measure its length. By 
folding first, cut it into eight equal parts. Find the length of 
each part without measuring. Then check your answer by 
measurement. 
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(Jb) Grouping examples (for work-cards) — 

(i) Take a piece of string. Measure it. Calculate by division the 
number of pieces six inches long that can be cut from it. What 
length have you left over? Test your answer by cutting up the 
string. 

(h) Measure the distance round the school field. How many 
times must you run round the field to cover a distance of at least 
one mile? 

(hi) Measure the distance round this wheel. Now measure the 
length of the garden path. Find, by calculation, how many times 
the wheel will turn to go from one end of the path to the other. 
Check your answer by rolling the wheel along the path. 

The detailed steps in teaching division of length are given in 
Analysis 6 on page 319. 

As in dealing with money examples, the setting down depends 
upon whether the division is by sharing or by grouping. If the 
child understands what the question asks, he probably knows 
how to set it down, but the teacher should show, by going 
through various examples, how the working is done. 

For instance, here is an example of division by sharing: ‘Some 
thread, twenty-three yards, one foot, six 
inches in length,* is cut into six equal pieces. 

What is the length of one piece?’ It is set 
down as shown. 

The method is exactly the same as for the 
division of money, except for the changing 
of the remaining yards to feet by multiplying 
by three. 

Here is an example of division by grouping 
and of how it is set down: ‘How many pieces each measuring 
two feet eight inches may be cut from a length ten yards, one 
foot, nine inches?* How big is the piece left over?’ The children 
see that this is a question of finding out how many times the 
smaller length is contained in the greater. Before this division 
can take place it is necessary to change both lengths to the 

* Examples with three units are seldom ‘real*. They are given here in order to 
show the process in full. It is a waste of time to give too much practice with this 
kind of example. 


yds. 

3 

ft. 

2 

in. 

9 

5)23 

1 

6 

18 

15 

48 

5 

16 

54 

3 

12 

54 

15 ft. 

4 



12 



48 in. 
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same unit (in this example to inches). The answer is ‘eleven 
pieces, and a piece two feet five inches (or twenty-nine inches) 
left over’. 


ft. 

in. 

vds. 

ft. 

in. 


2 

8 

10 

1 

9 

11 

12 

24 

3 

30 

372 

32)381 

24 

32 

30 ft. 

31 

381 

32 




12 


61 




372 in. 


32 






‘29 


D —Summary of points to remember in teaching length 

1. A suitably graded scheme such as that given on page 315 
should be followed. 

2. Wherever possible the work should be based on measuring 
activities. Alternatively the written work should be checked 
by measurement. 

3. Work-cards are a useful device in giving purpose to the 
written work, and in giving practice in dealing with ‘prob- 
lems’ in words. 

4. A perfect knowledge of the ‘facts’ contained in the table of 
length is essential. 

5. Teachers in a school (or area) should agree upon the standard 
methods which are to be used for teaching calculations in 
length. 



ANALYSIS 6 

Suggested stages and steps in the teaching of length 
(see Chapters X, XVII and XVIII) 
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SOMETHING TO THINK ABOUT— 9 
(Weight) 

Most people find it easy to understand that if two 
objects balance each other when placed on a pair of 
scales then the weight of each object is the same. Also, 
that if one of the objects happens to be a two-pound 
weight, then the other has a weight of two pounds. 

It is less easy to explain clearly what is really meant 
by ‘weight’. Nor should we attempt it with young 
children. Older children, however, are interested to 
know (particularly now there is much talk of space 
travel) that the Earth is always trying to pull (or attract) 
all other objects towards it. The pull (or force) on a 
particular object (for example, an orange, an aeroplane, 
etc.) depends upon the distance of the object from the 
centre of the Earth, and also upon the amount and the 
kind of substance of which the object is made. The 
weight of an object is a measure of the pull of the Earth 
on it. If two objects balance each other when placed on 
scales, it means that the pull of the Earth is the same on 
each ; in other words they each have the same weight. 
The weight of an object is more directly measured when 
a spring balance is used (see Fig. 114); in this case the 
pull of the Earth on the body being ‘weighed’ stretches 
the spring. The weight is indicated by the distance that 
the spring is stretched. 

It was only about three hundred years ago that the 
idea of the Earth pulling other objects towards itself 
first began to be understood. So it is not surprising that 
the records of early weighing (which go back at least 
five thousand years) all show the use of the balance to- 
gether with metal ‘standard’ weights. We do not know 
exactly how they first came into being, but the Baby- 
lonians, Egyptians, and Romans all had a ‘standard* 
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similar to the present-day pound weight. (It is from the 
Roman word pondus — a weight — that we obtain the 
word ‘pound’. It is also from the word libra , the Roman 
pound, that we have the abbreviation ‘lb.’) 

The Romans divided their standard ‘pound’ into 
twelve equal parts (in the same way as they divided their 
‘foot’), each part being called an uncia, that is ‘a twelfth 
part’. The words ‘ounce’ and ‘inch’ are derived from 
this. (The abbreviation ‘oz.’ comes from the Italian 
word *onza\ which also came from the Latin uncia.) 

For many years the number of ounces to the pound 
varied from place to place. It also differed in various 
trades. For example, although nowadays almost every- 
body uses sixteen ounces to the pound the goldsmith 
and others still use twelve. The legal standard for the 
pound-weight is now the weight in vacuo* of a piece of 
platinum carefully preserved in London. 

The word ‘stone’ suggests the possible use of a 
number of stones for weighing larger weights. For many 
years the number of pounds in a stone varied greatly and 
depended upon the kind of produce being weighed. Only 
in comparatively recent years has it been standardized 
at fourteen pounds. 

The ‘hundredweight’ was originally a hundred 
pounds, but it gradually increased because of the prac- 
tice of traders to add a little extra (‘for good measure’). 
The variations became so confusing that in the seven- 
teenth century it was agreed that the extra weight should 
always be twelve pounds and the hundredweight be- 
came standardized at one hundred and twelve pounds. 
The Romans had a weight a hundred times as heavy as 
the libra which they called the centum pondium. It is 
from the words centum and weight that the abbreviation 
‘cwt.’ is obtained. 

Until about a hundred years ago the ton was called 
a ‘tun’, a name which is still used by wine merchants 


• In vacuo — in a space from which all the air has been pumped out. 
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to describe a large cask. In America and some other 
countries a ton is two thousand pounds (and the hundred 
weight is one hundred pounds). To avoid confusion this 
ton is sometimes called a ‘short ton’ and the hundred- 
pound weight is called a ‘cental’. 

This brief historical account of how British weights 
came into being can be used as interesting information 
for children in areas where these measures are used. In 
other areas, teachers should find out how their own 
standard weights developed. It is likely to be an interest- 
ing story. 



CHAPTER XIX 


FURTHER WORK ON WEIGHT 

In the early work described in Chapter X, children learn about 
pounds and ounces. They use scales (perhaps made by the 
teacher) and shop weights, where they can get them, to weigh all 
kinds of objects in pounds and ounces. They practise making up 
packets of sand, clay, pebbles, etc., each packet being an exact 
weight of ounces or pounds. Play methods are also used to 
enable the children to estimate weights. They learn to use 
their muscle-sense in balancing activities, which show them 
that they cannot always estimate weights by looking: they 
find that sometimes a small object is heavier than a larger 
one. 

These activities are designed to give a good background for 
the work to be done in later stages. It is important for us to 
remember that the later written work in weight should also be 
accompanied by practical activities which help the children to 
understand fully what they are doing. 

A — Further activities 

(a) Weighing fractions of a pound — The children notice that 
some of the shop weights are marked lb.’ (a half-pound) and 
‘i lb.’ (a quarter-pound). By balancing on the scales they learn 
that a quarter-pound is four ounces (a quarter of sixteen) and 
that a half-pound is eight ounces (a half of sixteen). They are 
already familiar with the idea of the fractions half, quarter, 
three-quarters, from their knowledge of length; so it is easy for 
them to grasp the idea, again by weighing, that ‘i lb.’ added to 
lb.’ (making ‘f lb.’) is balanced by twelve ounces (three- 
quarters of sixteen). 

We may then show two interesting little experiments which 
may prove helpful to the children in their everyday lives. 

(/) Any number of ounces up to fifteen may be weighed out by 
using four weights only, namely 1 oz., 2 oz., 4 oz. (£ lb.), 8 oz. 
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(i lb.). The children may join in this by suggesting ways in which 
various weights can be made up. For example, 

13 oz. = 8 oz. + 4 oz. -f- 1 oz. 

7 oz. = 4 oz. + 2 oz. + 1 oz. 

(it) Scales can be used to divide an amount of sand, sugar, 
clay, etc. into two or four equal parts. For example, a pound of 
sugar is shared between both sides of the scales until they 
balance. There are then eight ounces on each side. 

(b) Learning about stones , quarters and hundredweights * — The 
need for units of weight greater than a pound is seen when 
children begin to discuss their own weights, the weight of 
animals, and of sacks of corn, fruit, vegetables or other produce. 
They find that small scales and pound-weights are of no use for 
this purpose. We should then introduce the idea of the stone- 
weight which weighs the same as fourteen pounds. We should 
give the children practice in picking up small sacks of produce 
of a stone-weight so that they can ‘feel’ what it is like. This helps 
them to estimate the weights of other objects and of animals in 
terms of stones. In comparing their own weights the children 



FIGURE 112. — A see-saw. (An aid to learning about weight) 

may make use of a piece of play apparatus known as the ‘see- 
saw’ (Fig. 1 12). This can easily be made by placing a plank of 
wood across a log. The two children being compared must sit at 

* Once again it must be pointed out that this book deals with the British 
system. Teachers should apply the same principles and similar methods to the 
weights commonly used in their own areas. 
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equal distances from the centre of the plank.* They can then see 
which is the heavier. 

Since the hundredweight is too heavy for most children to pick 
up, they can only get experience of it from watching adults 
carrying loads of about that weight. We have to tell them that 
the hundredweight is equal to eight stones or a hundred and 
twelve pounds. But it is possible for them to pick up a weight 
equal to a quarter of a hundredweight, which is known as a 
quarter, and can be balanced by two stones or twenty-eight 
pounds. 

We may also introduce tons by discussions about lorries, 
trains, ships and the goods they carry. 

(c) Spring balances — In some places the spring balance is the 
usual means of measuring weight. Children may be used to the 



FIGURE 113. Spring 
balance (dial type) 



MGURE 114.- - 
Spring nalance 
(vertical-reading 
type) 


kind with a large dial (Fig. 1 13) showing, for instance, amounts 
up to a hundredweight. Or they may be familiar with the equally 
common, but smaller kind (Fig. 114), weighing up to a few 
pounds and graduated, perhaps, in 8, 4 or 2 ounces. 

* The children see that if the distances arc unequal, it is possible for a smaller 
weight to outbalance a heavier. This gives a background for later work in science 
when the principle of levers is studied. 
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Even in these places it may be best to start with the idea of 
balancing, and to introduce the spring balance later although 
this gives a more direct method of measuring the pull of the 
earth on an object. 

If possible, children should play and experiment with the 
stretching of thin strips of rubber, ‘elastic’, and spiral springs, in 
order to gain understanding of the spring balance. Whether or 
not they have opportunities of using this balance themselves, the 
children should be given experience, if necessary through expedi- 
tions, of seeing when and how it is used. 

(d) Collecting information about weight — It is a great help to- 
wards acquiring general knowledge and arithmetical ability if 
children are encouraged to collect all kinds of information about 
weight. Each child has a note-book, which he uses at school and 
at home, to write down anything he has noticed or found out. 
Here are some of the items which may be included: 

(/) My own weight month by month. (If we have no weigh- 
ing machine in the school, we may be able to get per- 
mission to visit a shop or store which has one.) 

(//) My dog’s (or other animal’s) weight month by month. 
(The animal may be weighed in a basket, but great care 
must be taken to avoid any cruelty.) 

( iii ) A list of the people who deal in ounces and pounds. 

(iv) A list of the people who deal in stones, quarters and 
hundredweights. 

(v) A list of things weighed in tons; in hundredweights; in 
stones; in pounds; in ounces. 

(vi) A list of interesting weights (for example: three English 
pennies weigh one ounce; an English half-crown weighs 
half an ounce). — The child may notice references to 
weight on the sides of lorries and railway trucks. 

(vz'i) A iist of different kinds of weighing machines. 

(viii) The meaning of ‘gross weight’. 

(ix) The meaning of ‘net weight’. 

(x) The weight of water contained by a pint bottle. The 
weight of sand contained by the same pint bottle. 
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(*0 Accounts of special activities or problems. For example, 
why does a piece of wood float in water while a piece of 
metal of the same size sinks? (They are both weighed. 
Then an equal volume of water is weighed. What do we 
notice about these three weights?*) 

B — Changing units of weight 
( l ) Learning the facts' in the table of weight 
The arithmetical facts of weight measures are not so easy for 
children to learn as the facts of length measures, mainly because 
they cannot be ‘seen’ so easily. For example, if a child forgets 
the number of inches in a foot, or the number of feet in a yard, 
he can visualize the foot-ruler and the yard-stick and arrive at 
the answer. This is not possible with the units of weight. The 
relationships between the various units have to be learned, so 
that they are perfectly known. The knowledge can then be used 
in written calculations and everyday transactions. 

CHART VIII 

(a table of weights*) 

16 ounces (oz.) 1 pound (lb.) 

r 4 oz = i lb.') 

< 8 oz. -- i lb. > 

U2 oz. « i lb J 

14 pounds (lb.) = 1 stone (st.) 

2 stones (st.) — 1 quarter (qr.) 

(or 28 lb. - 1 qr.) 

4 quarters (qrs.) = 1 hundredweight (cwt.) 

(or st. ~ 1 cwt.) 

(or 1 12 lb. = 1 cwt.) 

20 hundredweight (cwt.) — 1 ton 

* British weights. 


Much of the learning of these facts comes through the experi- 
ence of weighing which the children have had from the begin- 
ning. But with most children it is necessary to fix the facts by 

* The experience gained in this activity may not give the child a full under- 
standing of the principle at this stage. But when he has learned more about 
volume (discussed in Chapters XXIV and XXVII) he should have a background 
which will help him to understand the idea of ‘specific gravity’, which he may 
later meet in his science lessons. 






12 lb. 
or 4 qrs. 
or 8 st. 

FIGURE 115. — A flash-card (for 
weight-changing) 

Suitable size: 3' x 2 m 


330 TEACHING OF ARITHMETIC 

using other methods too. The Table should be built up with the 

children into a chart which, 
when completed, may be used 
for reference if necessary 
(Chart VIII). The facts can 
also be put on flash-cards 
(Fig. 115) and used in games 
(see Chapter XV). The 
teacher should also make 
use of class-activities, quick oral questioning, etc., until the 
facts are known. 

(2) Changing by written calculation 

The method used is similar to that used for the other measures. 
It is rarely necessary to deal with more than two (or at the most 
three) units at a time. Most teachers rightly 
prefer to deal with the work as it becomes 
necessary and do not emphasize its impor- 
tance by giving unreal examples. The 
method is shown in these examples: 

(/') Change 5 cwt. 3 qrs. to pounds. — The 
hundredweights are changed to quarters by 
multiplying by four, and the quarters are 
changed to pounds by multiplying by twenty- 
e '§ht. 5 cwt 

0*0 Change 572 lb. into hundredweights. — The H2)572Tb7” 
pounds are changed to hundredweights by dividing 560 
by one hundred and twelve (long division). 12 lb. 


cwt. 

qrs. 

5 

3 

4 

20 

20 qrs.' 

23 


28 


460 


184 


644 1b. 


C — Weight and the arithmetical processes 
{/) Addition of weight 

It is not possible to allow every child in a class to take part at 
the same time in practical activities in weighing. There are not 
enough scales and weights to go round, and there may not be 
enough room. It is, however, important for all the children to 
take their turns in using the scales and any other weighing in- 
struments which are available. This can be done if we give a 
child (or a pair of children) a work-card (Fig. 116) to use. 
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while the rest of the class are doing written work from the 
blackboard. 

I A Weigh 6 oz. of sand. 

Weigh 9 oz. of sand. 

Weigh 5 oz. of sand. 

Add these in your book. 

Now weigh them together. 


6/1 Weigh your Reading Book. 

Now weigh your History Book. 
Now weigh your Geography Book. 
What is the total weight? 

Test your answer. 


IOA Weigh i lb. ‘corn’. 

Weigh l lb. ‘sugar’. 

Weigh li lb. ‘rice’. 

Weigh 2 lb. ‘flour’. 

How heavy are all your goods 
together? 


12 A Here are three parcels. 

Weigh them together. 

What would it cost to send them by 
post as one parcel? 

FIGURE 116. Specimen work-cards (addition of weights) 


The setting down of the addition examples is similar to that 
used for the other measures. When the stage is 
reached for changing and carrying to take place 
we should make sure that this is done correctly. 

Here is an example: 

The total of twenty-seven ounces is changed to 
one pound eleven ounces. 

(2) Subtraction of weight 
The practical work concerned with the subtraction of one weight 
from another illustrates very clearly the nature of subtraction 
(see Chapter XII). It also emphasizes the need for children to 
understand that the words which indicate that subtraction is 
necessary often take different forms. For example, the children 
may be given tasks like these (using the scales and weights): 

(i) ‘Put one pound two ounces on one side, and twelve ounces 


lb. oz. 

7 6 + 

8 9 

10 12 

26 11 
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on the other. How much more is on the one side than on the 
other?’ The child takes off weights from the heavier side until 
the two sides balance, and then decides how much has been 
taken off. 

(//) ‘How much must I add to the twelve ounces to make one 
pound two ounces?’ In this case the child adds weights to the 
twelve ounces until the two sides balance. Then he decides how 
much he has put on. 

There are, of course, many ways of expressing the same 
problem. But the teacher shows that whatever method has been 
used to indicate that the difference between two quantities has 
to be found, it can be w « ‘i ked out on paper as a subtraction. The 
ability to do this by calculation is useful because scales are not 
always available. 


IS Get a large tin and a small one. 
Fill them with sand. 

Weigh them. 

Which is the heavier? 

By how much? 


2S What is the difference in weight 
between a bottle filled with water 
and the same bottle filled with 
soil? 


10S Weigh a dry brick. 

Now soak it in water. 

Weigh it again. 

What weight of water has the brick 
taken up? 


12S Weigh this bottle. 

Fill it with water. 

Weigh it again. 

Now work out the weight of the 
water. 

FIGURE 117. — Specimen work-cards (subtraction of weights) 


As in addition, individual children (or pairs of children) in 
turn should use work-cards in subtraction (Fig. 117), and the 
teacher should show how the working can be set down. The 
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method should be the same as that used for other measures. 
(In the example shown here, three units tons cwt. qrs. 
are included in order to demonstrate the 4 14 3 

process.) 

Using the ‘decomposition’ method, the tons c ^t- qrs 

working appears as shown here. * * 1 

v 1 Z " 

4 14 3 

1 " 12 3 

The same example worked by the method tons 27^’ 6™ 

of ‘equal additions’ is set down like this. 6 7 2 

4 14 3 

1 12 3 


(3) Multiplication of weight 

The detailed steps in the teaching of multiplication are given on 
pages 340-5. The methods used are similar to those used for other 
measures, and the teacher should continue to try to provide real 
situations where multiplication takes place. Some of these situa- 
tions can be connected with the shopping activities described 
earlier. For example, the children are provided with bills on 
which they have to work out the separate amounts and find the 
total. (‘What weight of meat is required weekly for mid-day 
meals, in a school of 149 children, if each child has 7 oz. per 
week?’— The children go on to find the cost.) Other activities, to 
be worked individually, a~e given on work-cards (Fig. 118), 

1M Weigh a parcel. 

What is the weight of six parcels 
like this? 


5M Weigh six pennies. 

What would be the weight of five 
shillings’ worth? 


FIG URE 1 18.— Specimen work-cards ('multiplication of weight) 

which ask the children to weigh an object and then find the 
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weight of several similar objects by calculation. The method of 
working and setting down is shown in these two 
examples : lb oz 

(0 ‘The weight of a sheet of metal is six pounds 6 3 

three ounces. What is the weight of eight similar -§-- 

sheets?’ 4 , 8 

(//) ‘A truck holds ten tons three tons cwt. 

hundredweights of timber. A train 10 3 

pulls twenty-six such trucks. What is - -~ 

the total load of timber?’ -- ^ 8 

3 2U)7o 

260 3 tons 18 cwt. 


(4) Division of weight 

As in dealing with money and the other measures, the main 
difficulty that children meet is caused by the two-fold nature of 
division. It is important for them to realize that there are these 
two aspects. The teacher can help this understanding by giving 
them work-cards and problems cards which require both types 
of example to be used. 

(a) Division by sharing — For example, a work- [b oz 

card may state: ‘Weigh this bag of beans. If 9 

you share it between six boys, what weight of 6) 3 ^6 

beans should each boy get?’ This is set down as — qz ^ 

a division example like that shown here. Chil- 54 

dren.may then weigh out each boy’s share, — 

according to an instruction on the card. 

( b ) Division by grouping — This is neces- tQ ns cwn 

sary, for instance, when we are asked to 2 o 180 

find how many times a given weight is Iso cwt. 185 

contained in another larger weight. For — 8 

1 «A 1 r ■ . 1480 St. 

example, A sack of corn weighs one 

hundredweight three stones. How many full 134 

sacks can be taken from a store of corn 11)1480 

weighing nine and a quarter tons?’ (Three -y 8 

units are given here for demonstration 33 

purposes.) 50 


tons 

9 

_20 

180 cwt. 


cwt. 

5 

180 

185 

8 

1480 st. 

134 

11)1480 
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In this example both amounts have to be changed to the same 
unit (in this case stones) before the division takes place. One 
hundredweight three stones is easily seen as eleven stones. The 
other amount has to be changed by calculation. The number of 
sacks is then found by the ordinary process of division of 
numbers. The answer is one hundred and thirty-four sacks. 

D -Summary of points to remember in teaching weight 

1. A suitable graded scheme such as that given on page 336 
should be followed. 

2. The work should be based on actual weighing experiences. 

3. The children should be encouraged to take an interest in the 
weights they see around them. 

4. The weight ‘facts’ should be known perfectly. 

5. Particular attention should be paid to accurate setting down, 
particularly where ‘changing’ and carrying arc involved. 

6. The teachers in a school (or within an area) should decide 
upon the standard methods to be used for the arithmetical 
processes and should keep to them in all the work on 
measures. 
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Suggested stages and steps in the teaching of weight 
(see Chapters X, XVII and XIX) 
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■and Problem-type examples, on pages 340-5. 
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And Problem-type examples, on pages 340-5. 
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(2) Multiplying by numbers 
greater than 12. 

The repetition of the steps in 
(/) with the omission of (i) in 
each case. 



SOMETHING TO THINK ABOUT— 10 
( Units of capacity ) 


Tables showing measures of capacity such as the follow- 
ing are sometimes given in English books. (Of course 
they are NOT intended to be taught like this in schools .) 


Dry goods measure 


2 pints = 1 quart 
2 quarts = 1 pottle 
4 quarts = 1 gallon 
2 gallons = 1 peck 
4 pecks = 1 bushel 
2 bushels = 1 strike 


3 bushels = 1 sack 

4 bushels — 1 coomb 
8 bushels = 1 quarter 

12 sacks = 1 chaldron 

5 quarters = 1 wey 

(or load) 

10 quarters = 1 last 


Wet measure 

4 gills = 1 pint 

2 pints = 1 quart 


4 quarts = 1 gallon 
9 gallons = 1 firkin 
18 gallons = 1 kilderkin 
36 gallons = 1 barrel 
42 gallons = 1 tierce 


54 gallons -- 1 hogs- 

head (beer) 

63 gallons = 1 hogs- 

head (wine) 
72 gallons — 1 

puncheon 

2 hogsheads — 1 butt 

(or pipe) 

2 butts = 1 tun 


Many English people, especially those who live in the 
towns and cities, have not even heard of some of these 
measures, which belong to the British system] Such 
people probably wonder whether these ‘strange' 
measures are still used, and, if so, by whom and for 
what purpose. Moreover, they have little idea of the 
size of the unknown measures. 

If we are not careful, we are likely to put our children 
in a similar position when we expect them to learn 
much simpler tables of capacity. For instance, we may 
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expect them to learn a few of the more common 
measures in the form of ‘tables’ like the following:— 


Dry goods measure 

2 pints = 1 quart 
4 quarts = 1 gallon 
2 gallons = 1 peck 
4 pecks = 1 bushel 
8 bushels = 1 quarter 


Wet ( liquid ) measure 

4 gills = 1 pint 

2 pints = 1 quart 

4 quarts = 1 gallon 

8 pints = 1 gallon 


These may have as little meaning for children as the 
longer tables have for us. Perhaps most people know 
these liquid measures (possibly excepting the gill). It 
would be interesting, however, to find out: — 


(/) How many grown-ups know even this shortened 
table of dry goods measure. 

(//) How many, if any, make use of the table in their 
everyday lives. 

(///) How many teachers know the table before they 
have to teach ‘capacity’. 

(/v) How many teachers have themselves handled, or 
even seen, for example, a peck or a bushel of any 
kind of produce. 


The absence of real experience of the units on the part 
of the teacher, in common with most other people, often 
makes the teaching o f dry measures of capacity unreal 
and meaningless in school. Without real experience we 
have little to offer the children — except the working of 
‘made-up’ examples on the various measures. 

Once again, it is suggested that work of this kind 
loses most of its value if the children have no real idea 
of the approximate sizes of the various units. It is better 
for the teacher and children to look around the village, 
town or area to find where the various measures are 
being used, and wherever possible to handle produce 
measured in the different units. In this way the children 
get a ‘picture’ in their minds of how big the units are. 
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This is all that most children need. Other children, who 
may have to do calculations, will find this work made 
more real and interesting. 

If we find it difficult, in our own neighbourhood, to 
obtain evidence of the use of some of the units, we 
should consider very carefully whether we need teach 
them to most of the children. As far as possible we 
should select units which are being used ‘on the spot’. 

The wet and dry measure units mentioned in this 
section are now based on the standard (British) gallon, 
which is defined as ‘a vessel containing ten pounds 
weight of distilled water weighed in air with the water 
and air at a temperature of 62° Fahrenheit, and the 
barometer at a pressure of thirty inches of mercury’. It 
should be noted, however, that the American (United 
States) gallon for liquids is based on an earlier 
‘standard’. (It is less than the British standard gallon. 
1 U.S. gallon = 0-83 British gallon, or 1 British gallon 
- 1-2 U.S. gallon.) 



CHAPTER XX 

FURTHER STEPS IN CAPACITY* 

Teachers should realize, from the work described in Chapter X, 
that very few children will ever need to be able to work out 
difficult calculations in capacity. It is important, therefore, that 
they should continue to deal with practical problems. They 
should be given opportunities to increase their knowledge by the 
use of all kinds of materials and containers. 

A —Further activities 

(a) Making pots — In areas where clay is found the children may 
make pots of various shapes and sizes. The pots may be left to 
bake in the sun, or may be dried or ‘fired’ according to local 
custom. When we decide upon the size of a pot to hold, for 
example, a pint or a quart of liquid, it is essential for the 
children to estimate the capacity. So they must first have formed 
an idea of what a pint or a quart means. Sometimes they have to 
make a mark on the inside to show the level to which a pint or 
a quart of liquid (or sand) fills it. Tins or bottles may be used in 
the same way. The correct level may be marked by a scratch, or 
a strip of gummed paper. 

( b ) Making a booklet— Children should be encouraged to notice 
and record things which have some connexion with capacity. 
This increases their interest, as in the case of other measures, and 
helps them to relate their arithmetic to everyday life. They may 
have a book with each of the following (or similar) questions at 
the top of a page: — 

(/) What is measured in half-pints and pints? 

(//) What is measured in pints and quarts? 

(iii) What is measured in gallons? 

(*v) What is measured in pecks and bushels? | 

* This chapter deals with British liquid and dry measures. But the same prin- 
ciples and methods apply in other parts of the world. Teachers should adapt them 

to their own system. , . ........ 

t In Britain dry materials (for example, grain, seeds, soft fruits, etc.) are 
measured in pints, quarts, pecks and bushels. But there is little need for most 
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Other pages may have drawings and descriptions of interest- 
ing containers, together with an estimate of how much each 
holds. Older children may make records such as the following: — 

How much water is carried from the well to my father’s house 
each day? 

How much water is consumed by the street or village each day, 
from mains supply, pumps, or wells? 

How much water for each person is allowed in time of 
drought? How is this calculated? 

How much water is consumed by various animals each day? 
How much petrol is needed for a lorry travelling a certain 
distance? 

What is meant by ‘miles per gallon’, and what is the different 
‘m.p.g.’ for various vehicles seen in the district? 

(c) Work-cards — It is not possible for all the children to do 
practical work at the same time, particularly if the class room is 
small. It is therefore advis- 
able to let them work in jC 

small groups. To carry out flow many spoonfuls in this tin of sand? 

the tasks given to them, How many half-pint drinks can I serve 

they need dry materials from two quarts? 

(sand, small stones, etc.) Each child in the class drinks half a pint 

and water. There is a dan- ^.LTdts this cost at sixpence 

ger that the work-cards per pint? 

(for example, Fig. 119) Take out seven pints from a gallon. What 
may get wet, so if possible 1S left? 

they should be protected What is the weight of a pint of water? 

(for example, by coating FIGURE , „*d me „ worked, 
with a clear varnish). Some for capacity 

of the work should be 

linked with simple shopping and costs, and with the weighing 
described in Chapter XIX. 

children to be concerned with them. As a rule each area has its own container 
for various kinds of produce, and this is the local ‘measure’. For example! some 
children and adults have had experience of earning money by picking tea, beans, 
cocoa, coffee, nuts, etc., at so much per basket. Fishermen, also, often sell their 
fish in baskets of a particular size (for example, in Bntain, the *cran’ « 37} 
gallons). 



FURTHER STEPS IN CAPACITY 


351 


B — Changing units of capacity 
(1) Learning the facts 

After the children have had this practical experience of the 
various measures they find it easy to remember the few facts 
concerned. But, as before, we should build up the table ofliquid 
measure (Chart IX) and dry measure (Chart X) with the children. 
They are helped to remember the quart if they are told that the 
word stands for a quarter (that is, a quarter of a gallon). Com- 
parison can be made here with the meaning of ‘a quarter’ in 
weight. 

CHART IX CHART X 

A TABLE OF A TABLE OF 

LIQUID MEASURES DRY MEASURES 


1 


Each fact should be put on to flash-cards (Fig. 1 20) and learned 
through games and class activities. 


2 pints (pts.) — 1 quart (qt ) 

4 quarts (qts.) = 1 gallon (gal.) 

2 gallons (gal.) = 1 peck (pk.) 

4 pecks (pks.) == 1 bushel (bush.) 


4 gills — 1 pint (pt.) 

2 pints (pts.) = 1 quart (qt.) 

4 quarts (qts.) — 1 gallon (gal.) 
(or 8 pts. = 1 gal.) 



front 

FIGURE 120. — Flash-cards, for the facts in tables of capacity 
(2) Changing the units by calculation 

As with other measures the children should gain the ability to 
change quickly from one unit to a number of smaller units (and 
vice versa), but it should rarely be necessary to make long cal- 
culations on paper. If it does become necessary to do this, the 
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teacher should explain that the method and form of setting down 
are the same as those used for money, length and weight. For 
example: — 


(/) How many pints are contained in a 
tank which holds nineteen gallons, 
three pints? 

Change nineteen gallons, three pints 
to pints. 

(//) I have a hundred and sixty-nine 
quart tins of grain. How much is this 
in bushels, etc.? 

Change one hundred and sixty-nine 
quarts to bushels, pecks, etc. 


gal. pts. 

19 3 

8 152 

152 155 pts. 


4 )169 qts. 

2) 42 gal. 1 qt. 

4) 21 pecks 

5 bushels 1 peck 
5 bushels, 1 peck, 1 quart 


C — Capacity and the arithmetical processes 
The formal setting down and working of examples in capacity is 
best left till as late as possible in the junior school. The work is 
best introduced as a means to make systematic the things the 
children already know from practical experience. They should 
not think of these calculations as something new which has to 
be learned but has little connexion with the work they have done 
before. 

The detailed steps in teaching are given in Analysis 8, on 
pages 354-8, and the method of working and setting down is the 
same as for length and weight. An example of each process is 
given here for reference, but it should be remembered that these 
examples are taken from the end of the Analysis and should have 
been led up to by carefully graded steps. 

(/) Addition — One drum of oil has 9 gallons, 2 
quarts; another has 3 gallons, 3 quarts; and 
another 5 gallons, 2 quarts. If ail the oil is poured 
into one drum how much is there altogether? ~ 

(2) Subtraction — A water tank contains 56 gallons. The family 
use up 14 gallons, 3 quarts. How much is left? The examples 


gal. 

9 

3 

5 

18 


qts. 
2 + 
3 
2 


show 

(a) the method of decomposition; 

( b ) the method of equal additions. 


(a) 


(b) 


gal. 

5 

56 

14 


qts. 

4 

0 - 
3 


gal. 


41 


1 


qts. 
56 0 - 

5 

14 3 


41 


1 
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(3) Multiplication — A certain size of jar con- 
tains 3 quarts, 1 pint. If I put 9 jars of water 
into a tank how much is there altogether? 

(4) Division — (a) By sharing. A water supply of 
33 gallons is to be rationed among 12 people. 
How much will each person get? 


I fill it from a tank containing 54 gallons, and 
how much is left over? 

Here the 54 gallons must be changed to pints 
before the division can take place. The answer 
is 61 ; and 5 pints are left over. 


gal. qts. 
3 

pts. 

1 

9 

7 3 

1 

4 

9 

gal. 

qts 

2 

3 

12)33 

~0 

24 

36 

9 

'36 

4 

36 

36 


tany times can 

gal. 


54 

61 

_8 

7)432 

432 pts. 

42 


12 


j 

5 


D — Points to remember in teaching capacity 

1 . It is best to follow a graded scheme of work such as that sug- 
gested on pages 354-8. 

2. The work should be kept as practical as possible, particularly 
in the early stages, and the amounts involved should be 
sensible. 

3. Children should be encouraged to notice and make records of 
interesting information about the capacity of all kinds of 
vessels, utensils, etc., which they come across. 

4. Teachers within a school or within an area should agree on 
standard methods to be used in teaching the arithmetical 
processes and should keep to them. 



ANALYSIS 8 

Suggested stages and steps in the teaching of capacity 
(see Chapters X, XVII and XX) 
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and Problem-type examples, on pages 357-8. 
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ANALYSIS 8 ( continued from preceding pages) 
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SOMETHING TO THINK ABOUT— 11 

(Time) 


Man was aware, probably in the very distant past, of 
the regularity of light and darkness, of the moon’s 
phases, and of the changes in the seasons. For a very 
long time, however, he did not understand the reasons 
for these regular changes. It is only during the last 
thousand years that he has come to realize, and to 
accept the idea, that the earth is round and spins on its 
axis, and that the axis itself slowly turns; that the 
earth moves round the sun ; and that the moon moves 
round the earth. But man’s lack of understanding did 
not prevent him from using these regular happenings 
to help him to measure time. (It is interesting to note 
that, unlike all other measures, the day and the year 
are natural units: man had no part in deciding upon 
their size. Time is also the only measure which has the 
same units all over the world.) 

At first, time was measured in terms of days (of light) 
or nights (of darkness)— our present word ‘fortnight’ 
probably originated in the idea of fourteen nights. But 
gradually the word day, in terms of time, has come to be 
used to mean the sum of the hours of darkness and 
light: more exactly it is the time taken for the earth to 
turn once round its axis. 

Man has always been fascinated by the moon. Before 
he knew that the apparent changes in its size and shape 
are due to its movement round the earth, he often 
attributed to it mysterious and magical powers. In 
many countries the coming of the new moon was the 
occasion for a holiday and for rejoicing. The regular 
growing and dying away (waxing and waning) of the 
moon provided man with another unit in which to 
measure time. (The phrase ‘many moons ago’ is still in 
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common use.) It was natural that man should try to 
measure the moon’s movements in days. At first the 
full cycle was reckoned as thirty days, but this figure was 
found to be not quite exact. More careful measurement 
gave twenty-nine and a half days. (It is now known that 
the length of the lunar month, as this unit is called, is 
not constant. In our present-day units, it varies from 
29 days, 7 hours, 20 minutes to 29 days, 19 hours, 30 
minutes.) 

The fractional part of the day in the lunar month has 
always been a cause of difficulty, and often confusion, 
in the making of calendars. Had man himself been able 
to arrange the length of the lunar month, he would 
certainly have arranged it to be an exact number of days. 
For everyday convenience the length of a calendar 
month must be an exact number of days, so, at the best, 
it must be slightly more or less than a lunar month. 

The length of the year, that is, the time taken for the 
earth to move once round the sun, adds further con- 
fusion to the work of the calendar makers. Here again, 
man would like to have arranged for a year to be an 
exact number of days, but once again an awkward 
fraction of a day appears. Thus it was impossible to 
build up a simple table of time, as may be done for man- 
made measures (for example, 12 in. = 1 ft., 3 ft. = 
1 yd., 22 yds. — 1 chain, etc.). It was only when man 
introduced other units of time that he was able to 
arrange for them to be related to each other in a simple 
manner. For example: — 

60 seconds = 1 minute 
60 minutes = 1 hour 
24 hours = 1 day 
7 days = 1 week 

The story of the many ways in which man, in various 
parts of the world, and over the centuries, tried to fit the 
lengths of the lunar month and the year into a workable 
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calendar, is too long to tell here. It is only possible to 
say how the present calendar is made up. 

Nowadays, no attempt is made to link calendar 
months with lunar months although the idea of having 
twelve months in the year does come from earlier 
attempts to do this (12 lunar months = 12 x 29 £- 
days = 354 days). The twelve months cannot be equal 
in length if their total is to be 365 days. Also, even 
numbers were not favoured in the early days, though 
later some were brought in. So we now have months 
varying from 28 days to 31 days. 

The exact length of a year, however, is 365 days, 5 
hours, 48 minutes, 45 seconds, and for an exact calendar 
some arrangement must be made to allow for the extra 
fraction of a day. If this fraction is regarded as a quarter 
of a day, allowance can be made for it by adding one 
whole day to every fourth year. It has been so arranged 
that these years occur when the number of the year is 
exactly divisible by four. For example, the year 1956 
was such a year. Similarly the years 1960, 1964, 1968, 
etc. This arrangement gives us our ‘leap year’. But there 
is still a small difference: the length of the year is 11£ 
minutes less than 365^ days. During a hundred years 
these 1 1{- minutes amount to almost 18f hours. During 
four hundred years they amount to just over three days. 
Allowance is made for this growing difference between 
the calendar year and the actual year by leaving out the 
extra day three times in every four hundred years. (For 
convenience, these omissions are arranged when the 
centuries change. For example, the years 1700, 1800, 
1900 were not leap years but the year 2000 will be a 
leap year.) 

When the allowances are made the present calendar 
year differs from the actual year by about only three 
hours in four hundred years. 
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MORE ABOUT TIME 

Although children do not easily grasp the idea of time it 
gradually develops through their normal everyday experiences. 
It is important to remember this in our teaching. The child’s 
difficulties are not so great if the work is continually related to 
what is going on around him, and if formal calculations are left 
till the last year of the primary school course. 

A — Further activities 
(/) Telling time in different ways 

Children learn to tell the time quickly by short periods of 
daily revision of the work described in Chapter X. Here are 
some other activities which widen and strengthen the child’s 
knowledge. 

(/) The children make small cardboard clocks. The hands are 
held together by a drawing pin. The teacher calls out various 
times: ‘Set your clock at ten minutes past eight.’ ‘Now show me 
a quarter to eleven.’ Sometimes the children can test each other, 
referring to the teacher’s wall-clock (Fig. 79, page 138) for the 
answers. 

(«) Written questions are put on the blackboard for the 
children to work out. For example, ‘Show the following times: 
twenty past three, five minutes to twelve’, etc. The children 
are each provided with a small circle of cardboard to enable 
them to draw a series of circles in their books. These 
circles are then filled in by drawing the hands at the correct 
position. 

(///) Children enjoy acting as clocks. In turn they stand at the 
front of the class but with their backs turned to it. They hold 
up their arms (one of their hands holding a stick to indicate that 
it is the minute hand) in a particular position. The rest of the 
class write down the time shown (Fig. 121). 
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(/v) When the children are perfect at ‘telling the time’ (and 
not before) it is an interesting exer- 
cise for them to try to tell the time 
by looking at a clock through a 
mirror. This requires the ability to 
make judgements about spatial 
relationships, but it is enjoyed by 
the more able children. 

(v) The children should also learn 
to express the time in other ways. 

For example, they should make use 
of their knowledge of the table of 
fives to learn the ‘sixty-minute 
clock’. They learn that ‘twenty-five 
minutes to six’ can be expressed as 
‘five thirty-five’ (5.35). They should now also learn to tell time 
exactly to the nearest minute. Instead of saying: ‘Just after 
quarter to three’, they should be able to say: ‘Two forty-seven’ 
(2.47), or ‘Thirteen minutes to three’. This becomes necessary 
when they are learning to deal with time-tables of trains, 
buses, etc. 

(vi) The children should learn why ‘a.m.’ and ‘p.m.’ are 

used.* This knowledge becomes 
necessary, they find, because of the 
confusion which is sometimes 
caused when a time is stated with- 
out any indication of whether 
morning or evening is meant. When 
the children are used to this idea 
they can be introduced to the 
twenty-four-hour clock (Fig. 122), 
and can make calculations concern- 

The tweniy-four-hour clock j n g it. This is particularly helpful in 
shipping areas, and where the children have some knowledge of 
air-fields and air-travel. 

* ‘a.m.’ and *p.m.’ stand for the Latin ante meridiem and post meridiem . mean- 
ing before and after mid-day (noon). The English word ‘meridian’ comes from the 
same source. 




FIGURE 121. -Clock acting 
(‘nine o’clock’) 
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(2) Estimating time 

Children do not find it easy to estimate time, mainly because 
the impression they gain of the passage of time depends upon 
what they are doing. A child who has a difficult and boring task 
to do says later that he ‘spent ages’ over it, whereas we may 
have estimated that this task should take fifteen minutes. (We 
should bear this fact in mind if we set home-work !) On the other 
hand we all know how disappointed children are because an 
interesting lesson has ‘finished too soon’. Practice can be given 
in estimating time with questions like these: — 

How long can I hold my breath? (seconds) 

How long does it take to walk a certain distance? (minutes) 
How long does it take to run the same distance? (minutes) 
How long does it take to cycle the same distance? (minutes) 
How long will it take to tidy up the room at the end of the 
day? Can we beat this estimate? (minutes) 

How long does it take to learn a poem, or a part in a play? 
(hours — reckoned as number of lessons), etc. 

But before this estimation is possible the children should be 
given opportunities to concentrate on the passage of short 
periods of time. For example: — 

(/) They should learn to count seconds. This is difficult at first 
and most children are too quick. A useful way of learning the 
interval between one second and another is to count like this, 
without a break in normal (but not slow) speech and keeping a 
regular rhythm: ‘Hundred and one, hundred and two, hundred 
and three , hundred and four , hundred and five.’ If the emphasis 
is placed on the numbers underlined, five seconds will have gone 
by. Thus the children get an idea of seconds by rhythmic 
counting. 

When the opportunity occurs we may get the children to 
count how many seconds pass, after a flash of lightning, before 
the thunder is heard. Then older children, with our help, may 
find how far away the storm is. (The speed of sound is 1,100 
feet per second.) 

(//) The children should experience what it is like to sit still, 
in silence, for an exact minute. (They may listen to all the sounds 
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going on outside, as an introduction to a lesson about sounds, 
or about the words used to describe different kinds of 
sounds.) 

(///) Children may look at the class time-table and discuss why 
it is that some periods of half-an-hour seem longer than others. 

(iv) Older children may be shown how they can measure each 
other’s rate of pulse-beat. They need a stop-watch or a watch 
with a second’s hand. A child puts his fingers tightly on his 
partner’s left wrist. When he feels the regular beat, he counts 
them until a half-minute has gone by. He then doubles this 
number to find out how many pulse-beats there are in a minute. 
(Similarly, children may find their rates of breathing, at rest, and 
after running fast.) 

(3) Collecting information about time 

As with the other measures, children should be encouraged to 
make a little booklet in which they collect information. This 
increases their general knowledge of the world in which they 
live and gives a basis for understanding written problems. Such 
a booklet may include: — 

(0 A section on clocks and time-pieces through the ages. 
Early man’s calculation of time; the water-clock; the sand- 
clock; a candle marked for every hour that it burns. When were 
watches and clocks of the modern type first made? Where is the 
largest clock? What is the smallest watch? 

(//) How does a clock pendulum work? What does it do? 
(The children give an account of their own experiments with 
simple pendulums of various lengths. *) 

(/'/'/) Interesting information about travelling times, from time- 
tables or newspapers. For example, ‘By aeroplane it takes 
twenty hours to reach Nigeria from England.’ ‘A river boat 
takes seven days to travel down the River Congo from Kabalo 
to Stanleyville.’ 

* The ‘simple’ pendulum (a small heavy bob swinging at the end of a strong 
thread) has a ‘period’ of 1 second for a length of about 9} inches and 2 seconds 
for a length of about 39 inches. (The ‘period’ is the time of one complete to-and- 
fro swing. It is usual to take the time for twenty complete swings and then divide 
by twenty to find the ‘period’.) 
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(/v) Time-charts connected with History or Science dealing 
with years b.c. and a.d. (We explain these letters.) 

(v) Time connected with Geography and Astronomy. Dis- 
cussions about longitude and the rotation of the earth, and the 
position of the earth with regard to the sun, the moon and the 
stars, may lead to interesting notes in the booklet. For example, 
the older children may enquire why ‘the time’ in Zanzibar and 
New York is different. 

B — Changing units of time 

There is rarely any need for the children to work out long 
calculations, changing days and hours to minutes, etc. If, for 
examination purposes, this must be taught, then the teacher 
should follow the methods outlined for the other measures 
(Chapters XVIII-XX). 

But children should learn the facts of time, in order to be able 
to carry out simple calculations when necessary. The facts are 
shown as a table in Chart XI. This chart should be built up with 
the children , drawing upon the experience gained from various 
activities. The facts should then be thoroughly learned. 

CHART XI 

A TABLE OF UNITS OF TIME 


60 seconds (sec.)* — 
60 minutes (min.) = 
24 hours (hrs.) = 
7 days = 

4 weeks = 

365 days 

366 days 


1 minute (min.)* 
1 hour (hr.) 

1 day 
1 week 

1 month (lunar)t 
1 year 


“ I leap year) 


It is usual to speak of a year as 52 weeks, but in fact: 1 year = 52 weeks and 
1 day, 1 leap year = 52 weeks and 2 days. 


When the children are shown a yearly calendar they notice 
that only one month of the year (February) has twenty-eight 

* Symbols for minutes (') and seconds {”) are sometimes used. The origin of 
these symbols is obscure, but it is likely that they were ‘borrowed’ from the 
Egyptian symbols indicating minutes and seconds in the measurement of angles. 
The same symbols are also used, of course, to denote feet and inches 
t See page 361. 
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days (four weeks). The other months are different. From the 
calendar they should count the number of days in each month. 
Then they can be taught this simple rhyme which helps them td 
‘fix the facts’ about days and months: — 

‘Thirty days have September, 

April, June and November. 

All the rest have thirty-one, 

Excepting February alone 
Which has twenty-eight days clear, 

And twenty-nine each leap year.’ 

It is advisable to have in the class room, if possible, three 
kinds of calendar. That shown in Fig. 123 is a daily reminder of 
the date, which children can copy as a heading for the day’s 
work. They should take turns in changing this each day. A 


o 

O 

Thursday 


February [ 

6 

HdsbdH 



FIGURE 123.— 

A day-by-day calendar 
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FIGURE 124. — 

A month-by-month calendar 


calendar of the kind shown in Fig. 124 gives the days and dates 
of the month. This must be changed at the end of each month. 
The third calendar should be one for the whole year. This may 
be useful for reference in the solving of written problems. 


C — Calculations on time 

As with the other measures, there is more purpose in working 
mechanical exercises on time if they are related to actual situa- 
tions. We should show how the working is set down, and should 
devise graded examples (as given in Analysis 9, page 372). It is 
advisable also to give the children work-cards. These require 
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them to add, subtract, multiply or divide, but also give meaning 
to what they are doing. 

(a) Work-cards in addition of time — Fig. 125 shows two typical 
examples. 

U‘) 2TA You need the class time-table 

Work out the time spent each day of the 
week on physical activities (P.E., Games, 

Play, etc.). 

Which day do you have most? 

Which day do you have least? 

(/>) 4TA You need the calendar for the year 

How many weeks and days are there alto- 
gether in the months January, February, 

March and April, in a leap year? 

FIGURE 125. -Work-cards, for addition of time 

The working for part of the card in Fig. 125(a) is set down like 
this: 


Monday 

hrs. 

min. 

P.H. 


35 

Games 

1 

15 

Play-breaks 


30 

Mid-day play 

1 

5 


3 

25 


i 


(b) Work-cards in subtraction of time — Typical examples are 
shown in Fig. 126. 

(«) 4TS You need a school time-table 


How much time do you spend at school 
each day? 

(Use the idea of the twenty-four-hour 
dock if you wish). 


(b) 10TS You need a railway time-table 

Find out which is the fastest train between 
your nearest railway station and the next 
big town. 

FIGURE 126. — Work-cards, for subtraction of time 

In dealing with the card shown in Fig. 126(a) the children should 
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be shown that the work can be set down more easily if the idea 
of the twenty-four-hour clock is used. For 
example, if school starts at 9. 1 5 a.m. and ends at hr j’ 

4.10 p.m. the latter can be thought of as 16.10 ^ ~ 

hours, and the subtraction (using the method of — g- — ^ 
decomposition) can be set down like this. 

Another method is to find the length of time from 9.15 a.m. 
to 12.0 noon, and then add 
on the 4 hrs. 10 mins, of hr , s 
the afternoon. The working 12 
may be set down as shown ^ 
here. 

(c) Work-cards in multiplication of time — Examples are shown 
in Fig. 127. 


min. 

hrs. 

min. 

60 



0 - 

2 

45 

15 

4 

10 

45 

6 

55 


(a) ITM You need a school time-table. 

How much time do you spend in school , 
each day? (Leave out the mid-day break.) 
Now work out how much time you spend 
in school in a week. 


(f>) I2TM You need a calendar for June and 
the school time-table. 

How many days in June did you go to 
school ? 

Work out how much time you spent at 
school altogether during this month. 

FIGURE 127. — Work -cards, for multiplication of time 


In dealing with the card shown in Fig. 127(a), the working may 
be set down as shown (supposing hrs min 

the daily time spent in school 5 35 x 2 

to be 5 hours 35 minutes and 60)175 

that there are 5 school days per - 2 ^ 

week). 

(d) Work-cards in division of time — Examples are shown in 
Fig. 128. 
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(a) 5DT In a relay race there are four men 
in each team and each man runs 
the same distance. The time of 
the winning team is 5 minutes 
12 seconds. What is the approxi- 
mate time that each man is run- 
ning? 


(b) 9DT A fruit picker collects a basket of 
fruit and empties it about every 
15 minutes. How many baskets 
of fruit does he deal with if he 
works 54 hours 30 minutes in a 
week? 

FIGURE 128. — Work-cards, for division of time 


In dealing with the card in Fig. 128(a), the work mm. sec- 
is set down like this. The answer is 1 minute 18 ~ 

seconds. 


The card in Fig. 1 28 (b) is an example hrs. 
of division by grouping. The working ^ 
is set down as shown. The answer is 3240 
218 baskets. Some children are able to 
‘see’ that the answer may be obtained 
by working in quarter-hours. They 
work out the number of quarter-hours 
in 54 hrs. 30 mins. 

(e) Other possible work-cord activities -Teachers may have 
many other ideas for making the work practical. The examples, 
and, to some extent, the methods, depend upon the area in 
which the children live, and the kind of experiences they have 
from day to day. Here are several further suggestions which 
may help in the making up of work-cards: 

(i) Children may use a calendar to find how long it is to their 
next birthday celebration, or to some coming festival.* 

• It is important for children to leam that, in reckoning the time from one 
date to another, only one of the dates should be included (unless the word 
‘inclusive’ is mentioned in the question). 


4 

60 

r 

72 

60 

72 

60 



nun. 

30 218 
3240 15)3270 

3270 30 

27 
15 
120 
120 
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(ii) Information about postal arrangements may provide ex- 
amples of mail or parcel delivery dates to other countries. 

(iii) Railway, bus or shipping time-tables may be used to find, for 
instance: 

(i) ‘How long can you spend in a relative’s home if you take 
the first train of the day and return by the last train of the day?’ 

(ii) ‘What is the quickest time in which you can make a 
particular return journey?’ 

(hi) ‘What is the difference between the times taken by a 
stopping train and an express train (for a given journey)?’ 

(iv) Children can be encouraged to construct their own time- 
tables. For example they may make a record of a day’s events, or 
of a journey (real or imaginary). 

(v) Older children may be able to make calculations concerning 
speeds— that is, to deal with measurements of time and length 
in the same problem. They are interested in timing athletic races 
at school, and where possible should be introduced to the use 
of the stop-watch. Even young children who have seen the inside 
of cars and lorries are immensely interested in ‘speedometers’, 
(v/) Some children enjoy competitions in speed of writing or 
reading. These can be timed and the number of letters or words 
per minute may be calculated. 

D — Points to remember in teaching about time 

1. It is advisable to follow a suitably graded scheme such as 
that shown on pages 372-6. 

2. The work should be based upon the children’s experiences 
in their everyday lives. 

3. The children should be encouraged to take an interest in all 
the methods by which time is measured. 

4. The time ‘facts’ should be known perfectly. 

5. Accurate setting down of written work should be insisted 
upon. 

6. Teachers in a school (or within an area) should together 
decide upon the standard methods to be used in calculation 
and should keep to them. 
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Suggested stages and steps in the teaching of time 
(see Chapters X and XXI) 
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Continued for Multiplication and Divisior 
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and Problem-type examples, on pages 375-6. 
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Continued for Multiplication and Division, and Problem-type examples, on pages 375-6. 
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CHAPTER XXII 


INTRODUCING FRACTIONS 
A — The first approach 

When we begin to deal with fractions, we should not give the 
impression that this is a new piece of arithmetic, separate from 
ordinary number and therefore difficult to learn. Rather, the 
children should be shown that they already know something 
about fractions. Now they need to learn how to write them down 
and how to use them. 

In their home surroundings and during their early years at 
school children hear and use language which indicates that frac- 
tions are being used. Here, for example, are some common phrases 
and experiences with which children may already be familiar. 

(i) ‘Break that cake in half and give a half to your brother.’ 

00 ‘We shall need a piece of wood half as big again.’ 

(n'O ‘I can get there in a quarter of the time if I am not delayed.’ 

(iv) ‘It only takes a quarter of an hour to reach the field if you 
hurry.’ 

The names of some fractions (usually ‘half’ and ‘quarter’) may 
also be used or heard by children when they go shopping with 
their parents; for example, when buying dress lengths, making 
clothes, and sometimes in cooking. 

In school, too, fractions are mentioned in the earlier years. 
Before they reach the stage of dealing with fractions as a separ- 
ate topic in arithmetic, children usually meet them in connexion 
with measurement of all kinds. For example: — 

(0 They measure in half-inches and quarter-inches, perhaps 
even in tenths. 

00 They may write down the sign for half-penny and farthing 
and do calculations with them. 

(Hi) They may deal with half-pounds and quarter-pounds in 
weight. 

0'v) They may deal with vessels containing, for instance, half a 
pint. 

(v) They learn to tell the time in half- and quarter-hours. 
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It is important that we emphasize to the children the fact that 
they already know a lot about fractions. This gives them confidence 
to go on learning more. 

It is also necessary for the teacher to decide how far he should 
go in the teaching of fractions to young children. It is probably 
wise at the primary school stage to deal mainly with those 
fractions which are met with in everyday life. The old text-books 
used to give, for children to work out, examples which were 
ridiculous if applied to everyday situations. * If we examine the 
occasions in everyday life when fractions are used, we find that 
almost all of them are concerned with halves, quarters and 
thirds. Eighths, tenths and twelfths are used in measurement 
and in business, but not by everybody. 

It is wise, therefore, in the primary school, to limit our work 
to these simple fractions. The children then gain a much greater 
understanding of what fractions mean, because they are deal- 
ing with familiar ideas. This understanding has its effect later, 
especially for those children who come to study mathematics 
involving more difficult fractions. It helps to prevent the mis- 
takes which so often occur in older children’s work through lack 
of real understanding of the meaning of fractions. 

B — The idea of fractions 

When the children realize that they already know something of 
fractions we should begin to enlarge upon this knowledge. We 
must give the children various practical activities to show what 
fractions are, explain what the word means, and show how they 
are written down. 

The word ‘fraction’ comes from the Latin frangere which 
means ‘to break’. f The idea then develops that a whole object 
or a whole quantity is broken up into equal parts. These equal 
parts are then considered as fractions of the whole. For 
example: — 

(.') If we break a stick into two equal parts, each of these parts 
is a half of the whole (written as i). 

* One such example on time has the answer: 5\l seconds after 6 o’clock. 

t The word is also met in our word ‘fracture’. When a bone is ‘fractured’, it 
is broken. 
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(«) If we share twenty-four articles between four people we 
break up the whole twenty-four into four equal shares (each 
share being six articles) and we write each share as £ (one- 
quarter of the whole). 

(iii) If we empty a large can of water into three smaller tins, so 
that there is the same amount in each, we have ‘broken’ the 
quantity of water into three equal parts, and we write each part 
as | (one-third of the whole). 

This explanation should be accompanied by varied activities, 
in which the children are themselves dealing with fractions in a 
practical way. It is important in these early stages that the 
children should take part in a variety of activities. Otherwise 
there is a danger that they may connect fractions only with 
particular shapes or figures, instead of realizing that fractions 
may apply to any quantity or any object. For example, some 
teachers merely show fractions by dividing up a rectangle: their 
children often fail to apply their knowledge to other things. 
They sometimes find it difficult to see, for instance, that ‘a 
quarter’ can refer to a quarter of a gallon, a quarter of the class, 
a quarter of a shilling, a quarter of twenty, a quarter of an 
inch, etc. 

Here are some possible methods of approach. 

(7) Folding and cutting 

(a) Paper strips — Four strips of paper of equal size are given 
to each child. The first is labelled ‘One whole’. The next is folded 
or cut into two halves, each labelled *£’. These are placed on the 
desk below the ‘One whob’ so that the child can see that the 
two halves together make a strip as big as the whole. The next 
strip is folded or cut, first into halves and then into quarters. 
Each piece is labelled and placed on the desk as in Fig. 129. 
Similarly the next strip is folded into eight equal parts and each 
part is labelled *£’ and placed on the desk. The child compares 
the whole one, each time, with the number of parts. We ask 
‘How many halves in a whole one?’ ‘How many quarters?’ ‘How 
.many eighths?’ ‘How can we write these down?’ The children 
may then be asked to hold up two quarters, three eighths, seven 
eighths, one whole one and a half, one whole and five eighths. 
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etc. If they are successful with this, we may repeat the exercise 
by writing fractions on the blackboard (for example, f , f, 1£), 

I One whole I 

I l i * i 

1*1*1* no 


nil 

0 

0 

0 

0 

01 


FIGURE 129.-— Fraction strips (paper folded and cut) 

and asking the children to hold up the quantity shown. Such 
exercises show whether the children understand the spoken and 
written language of these fractions. 

( b ) Pieces of string — Four pieces of string of equal length are 
given to each child, who is told to put the first piece on the desk. 
This is to be thought of as a whole piece, but this time it is not 
possible to label it. The next piece is folded and cut so that there 
are three equal parts, each part being called ‘a third’. We write 
on the blackboard. The next piece is folded in the same way, 
and then folded again so that, when it is cut, there are six equal 
parts. Each part is called ‘a sixth’, and written as ‘£’. The last 
piece is again folded and cut, this time into twelfths. All are 
placed on the desk so that the parts may be compared with the 
whole. As before, we question the children on the value of each 
fraction, and ask them to hold up various quantities, such as 
‘two thirds’, ‘three sixths’, ‘seven twelfths’, and get them to 
recognize the quantities, put in number form, such as f, f, 
tV, etc. 

(2) Fractions in measurement of length 

(a) Inches and fractions of an inch — This is mainly a repetition 
of an activity with which the children are familiar. (See Fig. 73 
and pages 302-3.) They are given a card of prepared lines, of 
varying length, and are required to measure them accurately to 
a fraction of an inch, and to write down the measurements The 
children obviously need rulers marked in halves, quarters, 
eighths, tenths, and twelfths. So we first discuss the ruler and 
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how the fractions of an inch are marked. It should be realized, 
however, that small fractions of an inch are difficult for younger 
children to deal with and it is wiser to keep to halves and 
quarters in the early stages. 

(b) Drawing lines , using fractions of an inch — This is a de- 
velopment from measuring, but is more difficult. The children 
learn to make the exact beginning and ending of the lines re- 
quired by putting in pencil points and then joining up the 
points. They may also mark off a given length from longer lines. 
For example, ‘On this line mark two points which are 2f- inches 
apart.’ 

(3) Fractions of shapes 

(a) Circles — Dividing and cutting up circles helps children to 
realize that they are dealing with the relationship of the part to 
the whole. This is easier to see than when cutting up squares 




FIGURE 130.- Fractions of a circle (coloured, or cut out, and labelled) 

and rectangles, where the shape of the fractional part is often 
the same as that of the whole. 

It is a good plan to let the ohildren make a series of small 
circles of the same size by drawing round a coin or counter. 
These may then be coloured, or cut out, and labelled as in 
Fig. 130. In each case the children are asked to compare the 
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fractional pieces with the whole, as when dealing with strips. 
These circles can later be used for learning the ‘equivalence’ of 
fractions (see page 384). 

( b ) Squares or rectangles — These may be made of cardboard. 
Each child should have a square (or rectangle) labelled ‘one 
whole’. He is then given another smaller shape, preferably of a 
different colour (see Fig. 131), and asked what fraction the 
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FIGURE 131. — Fractions of a square. (A small, coloured, fractional piece of 
cardboard is used by the child to find out how many are needed to cover the white 

cardboard square) 

smaller part is of the other. He does this by trying it out on the 
whole piece and finding how many are needed to cover the 
whole. Children may eventually notice that, for example, a 
quarter of a square may be another smaller square or it may be 
a small triangle. This is an interesting discovery which is valuable 
when they begin to deal with areas. 

(c) Using squared-paper — It is a very useful and rewarding 
exercise for children to mark off a particular shape on squared- 
paper (preferably the kind with one-inch squares). This repre- 
sents a whole (for example, a rectangle eight squares long and 
three squares deep). It is then shaded or coloured to show 
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various fractional amounts. For example, in Fig. 132 the 
teacher has asked the children to colour } in blue, l in red, and 
i\ r in green. The children learn a great deal for themselves from 



FIGURE 132.— Fractional shapes on squared-paper 

this activity. They begin to realize that all three amounts can 
be thought of as twenty-fourths. This is a background of ex- 
perience which helps them to understand the need for changing 
to common fractions when they come to add and subtract. 

(4) Drawing activities 

Instructions are put on the blackboard, or given individually on 
small work-cards, requiring the children to represent fractions 
in drawings. Here are a few simple examples:— 

(/) Draw a cake. Show that a quarter of it has been cut out. 

\ii) Draw a bottle half-filled with water. Now draw another 
bottle half-empty. 

(iii) Mother has made a large piece of chocolate. Draw it, and 
show how it would be cut for six of us to have an equal piece 
each. What fraction do we each get? 

(iv) Draw twenty oranges in a pile. Now draw a fifth of this 
amount. 

(v) Draw a clock-face. Show by shading how far the minute- 
hand travels in a quarter of an hour. How many minutes is 
this? 

(5) Making use of everyday happenings 

We should make use of any opportunity during the school day 
to draw the children’s attention to the everyday use of fractions. 
For example: — 

(/) In cutting up or dividing solids of any kind into equal 
amounts : for example, at meal-times. 

(ii) In filling up and emptying bottles of liquid. It is particularly 
useful if a medicine bottle is sometimes used. This is one of the 
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few occasions when unusual fractions are met. For example, a 
bottle may be marked on the side to indicate that it contains 
twenty-one doses. 

(w) In filling up a box with equal quantities of varying sub- 
stances. For example, when making a wormery the box may 
have layers of one-third soil, one-third sand, and one-third 
gravel. 

(iv) In giving out materials the teacher may draw the children’s 
attention to fractions by saying: ‘There are eight groups, so 
please give each group one-eighth of the coloured chalks in this 
box.’ 


C — Changing fractions 

When the work so far described is understood, the majority of 
children begin to realize that fractions can be put into ‘families’ 
and that it is possible to change one fraction for a number of 
smaller ones (and vice versa). That is, they have grasped the 
principle of ‘equivalence’. It is sometimes necessary for the 
teacher to demonstrate this again, particularly to the less able 
children, and give activities which provide further experience of 
changing fractions. 


(/) Teachers' apparatus for showing equivalence of fractions 
(a) Fraction-board — A wooden board has ledges arranged as 
shown in Fig. 133(a). Strips of three-ply wood or stout card- 
board slide along the ledges, their sizes being arranged and 
marked to represent ‘One whole’ and simple fractions of this 
whole. 

The teacher shows the class how a fraction may be replaced 



FIGURE 133.— Fraction-boards: (a) Number, ( b ) Money 
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by or changed into another: for example, a quarter equals two- 
eighths; a quarter equals three-twelfths, a third equals four- 
twelfths. Individual children then change the strips, and the 
results of the changing are then written down: for example, 

1 _ A „ 4 __ _g 
* 4 > 8 “ 1 6 • 

The board is useful when children begin to add and sub- 
tract fractions. It is also helpful in showing the relationships 
between fractions of the units of money or measures: for ex- 
ample, fractions of £1 are shown in Fig. 133(6). 

The same apparatus may be used as a number-board (Fig. 17, 
page 35) or a fraction-board. 

(6) ‘ Sewed circle ’ — Three circles, made of stiff paper, and of the 



FIGURE 1 34.— ‘Sewed circles' for fractions. (The three circles of stiff paper are 
put on top of each other, sewed across the middle, and marked as shown) 

Suitable diameter: 8* 


same size, are sewed across the middle and marked, as in Fig. 
134, with various fractions. The teacher can demonstrate that 
the whole may quickly be changed to two halves, four quarters, 
eight eighths, etc. 
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(2) Children's activities 

{a) Fraction boxes — Each group of three or four children is 
provided with a box. The box contains : — 

(/) Rectangular pieces of coloured card. One represents a whole; 
the others arc cut to represent different fractions of the whole 
and are marked accordingly. 

(//) A series of instruction cards which tell the children to work 
out little problems with fractions and to write down the 
answers. For example: — 

1. Measure the three-quarter piece with eighth pieces. Write 
down how many there are. 

2. Add the quarter to the three-quarters. What do they make? 

3. If you cover up some of the whole one with an eighth 
piece, what is left? 

(b) The changing game — This is played by the children in pairs, 
as described on pages 49 and 58. Each child has a number of 
pieces of card marked with their fractional values. The first 
child says, for example, ‘Please change three quarters for me.’ 
His partner decides what is equal to three-quarters (for example, 
six-eighths). The pair exchange pieces, after making sure, by 
measuring, that the six eighths fit exactly over the three quarters. 
It is then the partner’s turn to ask for an exchange. 

(3) Statements about ‘ equivalence ’ 

After these activities the children should be ready for a formal 
statement about equivalence of fractions. The teacher puts on 
the blackboard, for example, i = f = -fe and asks: ‘What do 
you notice?’ Eventually the children see that if we multiply the 
top and bottom of the fraction by the same number, the value of 
the fraction is unchanged. 

Similarly, we may put on the blackboard: = £ = $. We 
ask: ‘What do you notice?’ The idea is then shown formally 
that: if we divide the top and bottom of a fraction by the same 
number, the value of the fraction is unchanged. This is an im- 
portant principle for the children to understand. Failure to 
understand lies at the root of many errors in fractions, ‘par- 
ticularly in ‘cancelling’.* 

• A word in this sense often incorrectly used. See page 449. 
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(4) Fractions of measures 

If the children grasp the idea of a fraction as a part of a whole, 
there is no limit to the kind of whole to which the work can be 
extended. For instance, it is useful to learn how to calculate the 
fractional parts of the various units of money (Fig. 133(6)) and 
measures. Many of these are already known to the children 
from everyday use: for example: — 

a half of a shilling = 6 d.\ 
a half (£) of a pound note = a ten-shilling note ; 
a quarter (i) of a hundredweight = 28 pounds. 

It is also necessary, from time to time, to be able to calculate 
fractional parts of various amounts. For example: ‘For helping 
to harvest fruit a group of eight of us were paid £2. 1 shall get 
one-eighth (£) of this. How much shall I get?’ The teacher 
should link this with the division process, emphasizing that the 
bottom figure, 8, in the fraction, tells us into how many equal 
parts the whole £2 is to be divided. The top figure, 1, tells us 
how many of these equal parts the one child will get. In this 
example the children have to change the two pounds into forty 
shillings. They then find | of 405. by dividing 40 by 8. (There 
is no ‘cancelling’ at this stage.) 

Later the teacher should introduce examples such as this: ‘The 
pay for three days work is twenty-four shillings. I work for two 
days only, so I get two-thirds of the amount. How much is this?’ 
When reading this example the teacher and class should lay 
special stress on the word ‘two’ when saying ‘two-thirds’. The 
children already know hew to find one-third of twenty-four 
shillings. Two-thirds will be twice that amount. In this way 
they come to see that in calculations of this nature there is an 
understandable order and method of working. 

First we divide by the bottom number* in the fraction in order 
to find the value of one part. Then we multiply by the top 
number* of the fraction, which tells how many parts we have. 

* At some stage, depending on the age and ability of his children, the teacher 
may introduce the words denominator and numerator . The importance lies, not 
in knowing the names, but in knowing what they are and what they do. 
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Later, it can be shown that it is sometimes more convenient to 
multiply first and then divide. 

This kind of work may be extended to fractional calculations 
of all the measures, but it is advisable to keep the fractions and 
amounts to reasonable numbers, and, at this stage, to choose 
examples which are worked out easily. Remainders tend to con- 
fuse children who are already finding fractions difficult enough. 

(5) Mixed numbers and improper fractions 
When the children measure and draw lines in inches and 
fractions of an inch (see pages 380-1), they write down their 
answers as mixed numbers. For example, when they measure a 
line which is three inches and ‘a bit more’, they may find the 
‘bit more’ to be a quarter of an inch. This is added to the three 
inches and they say the line is three and a quarter inches long. 
A mixed number is a number of wholes and a fraction of a whole 
expressed together. 

Now, if the children measure the same line again with a ruler 
marked off in quarter-inches, they can give the length of the line 
as thirteen quarter-inches or inches. This is an improper 
fraction where the top is greater than (or equal to) the bottom: 
for example, x f, f. A proper fraction is one which is less 
than one whole: for example, f, |. 

A certain amount of practice is needed, for later work in 
fractions, in changing mixed numbers to improper fractions and 
vice versa. At this stage it is recommended that children simply 
do this at a practical level. For example: — 

(/) ‘You have 2£ pounds of sugar. How many quarter pounds is 
this? How can you write this as an improper fraction?’ 

(«) ‘A tin contains 43 pints of water. A pint is £ of a gallon. 
How many gallons and fractions of a gallon does the tin contain ?’ 

D — Addition of fractions 

A great deal of the early work, in adding and subtracting frac- 
tions takes place at the time when children are trying- out 
fractional parts of squares, rectangles, circles, etc. They learn 
from experience, for example, that if they add | and f they have 
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£ of a whole. The teacher has to show how these findings can 
be written down. It is wise to approach this formal setting down 
in carefully graded steps (see Analysis 10, page 454), and to 
allow the children to refer, when they need, to the fraction 
apparatus. 

(1) Adding fractions of the same kind 

There is usually little difficulty in such additions, if care is taken 
to use the correct language in ‘reading’ the examples given. For 
instance, in an example like this: £ 4- 1; it is important to stress 
the words ‘one' and ‘ two ’. Thus the example reads ‘o/ic-eighth, 
add /wo-eighths*. Children may do this just as easily as they 
learnt ‘one bean, add two beans’ in their very early schooldays 
The importance of using language which helps the child’s 
understanding is frequently mentioned in this book. Nowhere 
is it more important than in dealing with fractions. For instance, 
it is wise to begin teaching examples such as ‘3£ + 2£’ by 
getting the children to read it aloud, making sure that they 
understand what they are being asked to do: ‘Three whole ones 
and one-eighth, add two whole ones and three-eighths’. It then 
becomes obvious that the whole ones must be added first and 
the fractions afterwards, like this: 3£-r2f = 54-£ + i 
= 5| - 51* 

(2) Adding fractions of different kinds 

Again, at the next stage, children are already prepared for 
adding fractions of different kinds because of their early practical 
activities. They have learnt to change one fraction for another 
of different kind, and they have used squares, circles, etc., to 
add these fractions together. 

The children begin this stage by adding fractions of the same 
‘family’ such as £ +. i» that is, by working examples in which 
only one of the fractions has to be changed. They should be 
given practice at this stage until they realize that it is necessary 
to find the common fraction before the addition takes place. 
Then they should be ready to deal with examples, such as 

1 -f 3 

• It should be noted that a common method of setting down, 5 — ^ — , is 
avoided here, because this does not help children's understanding. 
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\ + i, in which both fractions have to be changed. Here we 
should refer to the fraction board again, and show that both 
\ and $ can be changed for sixths. This should be done with 
several different examples, until the children see that the fraction 
board is unnecessary. They find that, at this stage, dealing with 
simple examples, multiplying the two bottom numbers together 
gives a guide to finding the common fraction. 

After written practice of this kind we may set an example like 
this: i -f £. The children at first may say that the common 
fraction is twenty-fourths, and are prepared to carry on with 
the calculation. But we insist on returning to the fraction-board. 
The board is not big enough to show twenty-fourths, but it does 
show twelfths. The children can see that both the quarter and 
the sixth may be changed to twelfths. By writing down the many 
fractions into which a quarter and a sixth may be changed, this 
may also be shown clearly in figures : — 


i 


,1 


+ 





This leads to a discussion of the need to look for the simplest 
common fraction, and we should give practice in this before 
proceeding further. 


E — Subtraction of fractions 

The work of subtraction follows the same lines as that for 
addition, namely: — 

(< a ) Subtracting fractions of the same kind, for example: { — 

( b ) Subtracting fractions of different kinds, for example: 

(/) i — i, where one fraction has to be changed 
(«) i — i, where both fractions have to be changed, and it 
is necessary to find the lowest common fraction into 
which they must be changed. 

The work should go on at the same time as the work in 
addition. Detailed steps in teaching are suggested in Analysis 10, 
pages 454-7. 
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F — Multiplication of fractions 

If the children understand the meaning of ordinary multiplica- 
tion (see Chapter VII), beginning to multiply fractions presents 
no new idea. Just as 5 x 4 can be thought of as five fours, so 
5 x £ can be thought of as five quarters and be written 
down as £. 

We should show again that multiplication is a form of con- 
tinuous addition, and then go on to point out that, for example, 
4 xf = $ + f + i + $ = 3. This leads to the idea of multi- 
plying the top of the fraction by the multiplier, that is, 

4x}= — = f = 2f 

The next stage concerns the multiplying of a mixed number 
by a whole number, for example: 3 x 2\. 

It is suggested that children should learn two ways of dealing 
with this: 

(/) By saying: ‘Three twos and three halves.’ 

3x2 = 6 and 3 x £ = 1$. 6 + \\ = 1\. Therefore, 
3 x 2\ = 7*. 

(ii) By making the mixed number into an improper fraction 
like this: 3 x 2\ = 3 xi = ^ = 7}.* 

The work on fractions described in this chapter is limited to 
the early stages. Emphasis is placed first on a thorough under- 
standing of the meaning of fractions through practical ex- 
periences. Then simple calculations are carried out in addition, 
subtraction and multiplication. In Chapter XXVI the work is 
developed further, showing how children may be introduced to 
more difficult ideas in the multiplication and division of fractions. 

* This method is inconvenient when dealing with large numbers. 



SOMETHING TO THINK ABOUT— 12 
{Decimal fractions) 


Most civilizations used some kind of fractions, but there 
was always much difficulty in working out calculations 
in which fractions appeared. It must be remembered that 
the people of earlier times did not have the number 
system we use nowadays. Calculations with ordinary 
whole numbers were complicated enough. Bringing in 
fractions made them even more difficult. 

The only way that the early mathematicians could 
find to calculate fractions was to deal with them separ- 
ately, and in a different way from whole numbers. 
Many centuries went by before a way was found of 
dealing with them at the same time, as we do today by 
using decimal fractions. 

The Egyptians, for example, worked only in unit 
fractions, that is, fractions with a T at the top. They 
used to change all their fractions to sums of unit frac- 
tions. For example, two-fifths would be changed to 
i + iV + i*o. A ‘table’ has been found which was used 
by the Egyptians in order to make such changes 
quickly. 

The Romans, on the other hand, tried to deal with the 
difficulty, especially when dealing with measures (for 
example, length and weight), by dividing their standard 
units into twelve equal parts. Each twelfth then became 
a new smaller standard unit, and measurements were 
usually made to the nearest small unit. (We have noted 
that ‘inch’ and ‘ounce’ both come from ‘ uncia'—a. 
twelfth.) 

The Greeks had two different systems of fractions. 
One of these was used in everyday calculations, and 
the other by the mathematicians and scientists. Much 
of the work of the latter was concerned with the 
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measurement of angles, for which they used the degree 
as a unit. To indicate parts of a degree they used a 
system, similar to the decimal system, in which they 
divided a degree into sixty parts. Each of these sixtieths 
was then divided into a further sixty parts. (Nowa- 
days we call these parts of a degree ‘minutes’ and 
‘seconds’.) This is similar to the decimal idea of 
dividing the unit into tenths and then tenths of a 
tenth, etc. 

The Hindus used decimals in the Middle Ages. But 
when our present number system spread from India to 
other parts of the world about a thousand years ago, the 
mathematicians of that time did not immediately make 
use of the decimal nature of the number system in order 
to express fractions. They were still largely concerned 
with astronomy and the measurement of angles and 
they continued to use minutes and degrees for the 
measurement of fractional parts. 

Gradually, however, with the growth of commerce 
and navigation, the need for simpler calculation was 
felt. The merchant needed it for compound interest. 
The surveyor needed it for working out square roots 
when dealing with heights and distances. The idea of 
using decimal fractions in everyday calculations came as 
a result of trying to meet these needs. 

Tables of square roots and compound interest, using 
decimal fractions, were available early in the sixteenth 
century, but it was not until 1585 that a first account 
of their nature and use was published. 

In this it was shown that, by using the decimal system, 
it was possible to deal with whole numbers and fractions 
at the same time : calculations could be made by using 
the same methods as were used for whole numbers. In 
this way the calculations were simplified and time was 
saved. 

The early writers on decimal fractions also described 
another advantage of their use. They realized that it is 
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possible to be as exact (or as approximate) as the cir- 
cumstances of the work justify or require. This makes it 
possible to shorten calculations by working to a parti- 
cular number of decimal places. 

It is well to remember this in our teaching today. 



CHAPTER XXIII 


OTHER KINDS OF FRACTION 

A — DECIMAL FRACTIONS 

In this chapter only the early stages of learning about decimal 
fractions are considered. Most children should learn what 
decimal fractions mean, and be able to make very simple cal- 
culations with them. (They meet them from time to time in 
everyday life and in their reading about rainfall, temperatures, 
and the achievements of athletes, etc.) This knowledge is suf- 
ficient at the primary school level. For those children who go on 
to secondary education, where they use decimal fractions in 
mathematics and science, it is equally important that the early 
work should be clearly understood. 

We may ask ourselves ‘Why do we use decimal fractions, par- 
ticularly in science, and later in mathematics, in preference to 
ordinary fractions?’ There are, perhaps, five main reasons:— 

(i) Because they are a natural extension of our ‘tens’ number 
system: Hundreds, Tens, Units, Tenths, Hundredths. 

(k) Because they are often easier to deal with than other families 
of fractions, when we have to make calculations. This is par- 
ticularly true when dealing with mixed numbers, and when com- 
paring the values of different fractions. 

(Hi) Because there is a close link between decimal fractions and 
the metric system of measurement (see Chapter XXVII). 

(iv) Because it is easier to work to a particular degree of accuracy 
in the measurement of length, weight, time, etc. 

(v) Because a knowledge of decimal fractions is necessary in later 
mathematics for dealing with logarithms. 

But we are concerned here only with the early stages, and, as 
always, we must make sure that the children understand -the 
meaning of the words and symbols used. 

(Children may be taught, quite easily, to add, subtract, 
multiply and divide decimal fractions by following certain rules. 
But this does not help them to realize that they are dealing with 
fractions , nor to understand the values of the various figures. A 
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lack of understanding often accounts for the absurd answers 
which children sometimes give to problems, or in calculations. 
To be unable to ‘see’ the absurdity of an ‘answer’ is a serious 
matter at any time. It is particularly so for those children who 
reach the stage of making calculations from the results of experi- 
ments in science.) 

(1) Introducing decimal fractions ( tenths ) 

It should be noted that the full expression, ‘decimal fraction’, 
has been used here. It is wise to use it when introducing 
‘decimals’ to children. They are not then worried by thinking 
that this is a new and difficult topic. They are encouraged to 
think of a decimal as a particular kind of fraction, written in a 
special way. They are less likely to think of decimals as a separate 
branch of arithmetic with its own strange language. 

With this in mind, it is probably best to introduce decimals 
not as an extension of the ordinary ‘tens’ number system, but as 
fractions, about which the children already know. The following 
methods are suggested : 

(a) Measuring and drawing lines — Each child is given a card, or 
a sheet of paper, on which lines have been drawn* as in Fig. 135. 
Each line should be a number of inches and an exact number of 
tenths. The children already know how to measure a line and 
write down its length in inches and tenths of an inch. (For 
example, the first line is 2^ inches.) We then say: ‘Now, there 
is another way in which you can write down two inches and 
eight-tenths of an inch. It is rather quicker than the usual way, 
and the method is very useful. You will see how useful it is when 
we have to measure more accurately than we have done so far.’ 
We then write 2-8 inches, and the children copy this by the side 
of the 2fo inches. We go on to explain that the dot (or ‘point’) 

* If these sheets cannot be duplicated an alternative method of preparing 
several sheets at once is this: the lines are drawn on one sheet of paper. This 
is placed on top of several plain sheets clipped tightly together. A strong pin (or 
the pointed end of a pair of compasses) is pressed through the point where the 
first line begins and through the sheets beneath. Keeping this pin in position, 
another pin is pressed through the other end of the line. The process is repeated 
for the other lines. By joining each pair of holes on each sheet several copies of 
the original set of lines may be obtained. 
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is used to separate the whole number from the tenths, and that 
instead of giving the length of the line as two and eight-tenths 
inches, we can now say, ‘two point eight inches’, which means 
exactly the same. 

The next few lines are measured and marked in the same way, 
first using common fractions, and then decimal fractions. 

Next the children are given practice in drawing lines for them- 
selves. For example, we write on the blackboard: ‘Draw five 



FIGURE 135. — A ‘measuring card’. (Children measure in tenths, later in 
tenths and hundredths, and decimal fractions) 

lines, 2-7"; 3-5"; 4-2" ; 1 -9"; 5- 1 and mark the length of each in 
decimal fractions and ordinary fractions.’ To do this correctly 
the children have to realize that the figure after the decimal place 
represents tenths. The lines are carefully checked, either by the 
children themselves, working in pairs, or by passing round strips 
of cardboard cut to the required length. 

(6) Using squared-paper — The squares on the paper must have 
sides which are divided into tenths. (Here we consider only the 
vertical tenths: that is, each large square is divided into ten 
equal columns.) The children are asked to shade in various 


o 
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amounts, such as 3-5 ; 2-3; 4-9; -6* (Fig. 136), as when learning 
about common fractions (page 382). 



FIGURE 136. — Decimal fractions on squared-paper (tenths) 


(c) Expressing parts of a pound as decimal fractions — The 
children are already familiar with the idea of writing a number 
of shillings as a fraction of a pound. We now show (using ques- 
tion and answer methods) how this can be put down as a 
decimal. For example: — 

6 shillings = £- 2 % = = £'3* 

14 shillings =‘£i£ = £* = £-7* 

• If, at any stage, children are found to lose the ‘point* in decimal fractions 
without whole numbers, they should be taught to put a nought in the units 
column, that is, to write ‘0*6’ instead of etc. 
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Similarly, we show how to turn a decimal fraction of a pound 
into shillings : — 

£-1 = £A = 2 shillings 

£•8 = £-?o =8 x 25. = 16 shillings 

(This can be adapted to the coinage in any country provided that 
it is easily sub-divided into tenths.) 

(2) Simple calculations in decimal fractions 

(a) Addition — This may be based on the addition of the lengths 
of lines measured in inches and tenths of an inch. For example, 
‘One line measures 1-8 inches. Another measures 2-4 inches. I 
we put them together to make one line, how long is it?’ 

A similar approach may be made by the use of squared-paper, 
whole squares and decimal fractions of squares being added to- 
gether by shading. ‘Answers’ may then be checked by practical 
measurement. 

The children are shown how this work may be set down in the 
same way as the ordinary addition process. It is important, how- 
ever, that they should not only get practice in setting down and 
working examples like this. They should also be able to state the 
example and to give the answer in words. For 
instance, the example shown here may be read: 

‘Add one point eight and two point four.’ When 
the answer is obtained we expect the children to 
say it aloud as ‘Four point two’ (or ‘Four and 
two tenths’). To make the work clearer, we put 
the word ‘units’ at the top of the units column 
and the word ‘tenths’ at the top of the column 
following the decimal point. This is a useful way of leading to 
a full discussion of place-value in connexion with hundredths 
(see page 400). 

(b) Subtraction — This process may also be introduced through 
the measurement of length. For example:— 

‘How much longer is line A than line B?’ 

‘If I cut off 2-6 inches from a piece of string measuring 8-9 
inches, how much is left?’ 




400 


TEACHING OF ARITHMETIC 


The work is set down as before, the teacher « J£ 
making sure that the same methods and standard g 

working are used as in ordinary subtraction. — - . - 

2 • 6 
~ 6 • 3 


(c) Multiplication (by whole numbers up to 
twelve) — We may begin by considering the total 
of several equal sums of money expressed as 
decimal fractions, or the total length of several 
equal lines. For instance: — 



‘Here are four lines, each 3-2 inches long. What is the total 
length?’ 

‘A hurdle is 8-5 feet long. What is the length of six such 
hurdles placed end to end?’ 

‘What is the distance round a square with sides each 5-6 
inches long?’ 

( d ) Division (by whole numbers up to twelve) — Again we use 
examples: for instance, ‘A line measuring 6-4 inches has to 
be divided into four parts. What is the length of 
each part?’ 

It is suggested that the same methods should 
be followed as in the ordinary division process 
(see Analysis IV, page 232). 

The children’s understanding of what they are 
doing should be tested frequently. For instance, 
in the example shown we may point to the ‘24’ 
and ask: ‘What are these? Twenty-four what?’ 

The children should be able to answer that they 
are twenty-four tenths. 

(3) Introducing hundredths 
(a) By measuring and estimating lengths of lines — The children 
are told that it is sometimes necessary (for example, in the 
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making of car and aeroplane engines) to work accurately with 
fractions smaller than a tenth. (They are already used to frac- 
tions such as t? rV» 2*4- They may have used rulers to measure 
lines in twelfths and sixteenths of an inch.) We now ask the 
children to return to the sheet of prepared lines (Fig. 135). The 
length of the last few lines on the sheet have been specially 
arranged so that they are not an exact number of tenths of an 
inch. The children first measure these lines to the nearest tenth 
of an inch. When they look carefully, they see that some lines 
are just short of a tenth while others are just a bit more than a 
tenth. These ‘little bits over’ help the children to begin to 
appreciate the approximate nature of many measurements, and 
the need for more accurate measurement. 

We now get the children to look at one of the lines (M) again. 
Its length is between 2" + ■&" and 2" + -,V. We draw an 

“I 

iTTTTTinjTTTTTTTnjTii inTnjmTTTm jTTTTTnnjTTTiTTTiTpiinim jin nmTjTTTTmiTpmTTnT | | 1“ ; 

FIGURE 1 37. — Measuring to hundredths: a blackboard enlargement 



enlarged picture of the line and the ruler on the blackboard (Fig. 
1 37), and divide the seventh tenth into a further ten equal parts. 
The children see that the length of the line is 2" + rs" + about 
8 of the extra small parts. But what is the length of each of these 
little parts? We divide all the tenths in the third inch into ten 
equal parts. Thus there ai e ten equal small parts in each of the 
ten tenths; that is, one hundred of them in one inch. In other 
words, each small part is one-hundredth of an inch. The length 
of the line to the nearest hundredth is thus 2" -)■ to" 4 - Too"- 
(This is valuable work on common fractions, quite apart from 
its relation to decimal fractions.) Wooden rulers are not norm- 
ally divided into hundredths of an inch (though metal rulers 
sometimes show them). So the children can only attempt to 
measure to the nearest hundredth of an inch by imagining that 
the particular tenth at the end of the line is divided into ten 
hundredths, and then estimating the number needed. It is 
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remarkable how proficient children become after a little practice 
at estimating in this way. 

As each line is measured the result is written, in inches, tenths, 
and hundredths, above the line. (We must take care to include 
some examples in which there are no tenths and others with no 
whole inches. Where there are no tenths the length should be 
written as, for example, 4 ' + tV 4- Too”-) 

Underneath each line the children write the length as a decimal 
fraction. We have to explain, of course, where the hundredths 
are put. 

(b) Using squared-paper — The squared-paper used to demon- 
strate tenths may now be used to show hundredths. First, a large 
square is seen, as before, to be divided into tenths (vertically). 
Now, on looking closely, the children can see that the tenth is 
itself divided (horizontally) into ten parts. So that each tiny 
square is a tenth of a tenth. The children may not yet know how 
to work this out in figures : hj of iV = iV x iV = Too- But they 
should realize that a tiny square is one-hundredth of the whole 
square. They may prove by counting (perhaps in tens), that 
there are a hundred hundredths in the whole square. 

Practice should then be given, as before, in shading particular 
amounts, for example: and rho', to and too ; three whole ones 
and two tenths and five hundredths; etc. The children soon 
understand that, for example, and too m ay be written and 
thought of as 

Next, we show how these may be written in the form of 
decimal fractions, and the children should again be given 
practice in shading particular amounts written as decimals 
(Fig. 138). 

(4) Decimal fractions as an extension of the H.T.U. notation 
It is at this point in the work that we may explain more fully why 
tenths and hundredths are written in this special way. We show 
how, if the H.T.U. notation is extended to the right, the tenths- 
column occupies the first place and the hundredths-column the 
second place. Replacing H.T.U. by 100, 10, 1 at the top of the 
columns (as in Fig. 139) helps to make this clear. 
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The children’s understanding of the work should be tested by 
oral and written questions such as : 

(/) Write down as a decimal fraction: vV + Too- 
(//) Write down as decimal fractions: i 4 0 9 <>; TooJ Itoo- 
(iii) What is the value of each figure with a ring round it? 

3-4@; (7)0-15; 32f6>05. 

(If in doubt, children should refer to a chart (as in Fig. 139) 
where the notation is shown.) 


H. 

T. 

u. 

Tenths 

Hundredths 

100 

10 

1 

i 

1 o 
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lOO 



5 ' 
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4 1 
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1 i 

: 7 



1 

6 : 

0 

5 


HGUREl 139. — Decimals as an extension of the H.T.U. notation 

The place-value slide (see Fig. 91, page 195) is useful for help- 
ing the children. For instance, we first show a ‘2’ under the 
units ; when we move it along to stand for two tens we have to 
put a nought in the empty units place. Now, having rubbed out 
the nought, we move the slide so that the ‘2’ comes under 
Tenths’ (Fig. 140), thus representing two tenths. When we move 



FIGURE 140. — The place-value slide used for decimals 


it further, so that the ‘2’ becomes two hundredths, we have to 
put a nought in the empty tenths position. Children should have 
individual practice with the apparatus in this way. When they 














OTHER KINDS OF FRACTION 405 

understand the idea, they may go on to use it with two- and 
three-figure numbers. Later, we may use the slide to demonstrate 
the quick methods of multiplying and dividing decimal fractions 
by ten, and later by a hundred, etc. For instance, we write 26-8 
on the slide: to multiply by ten we move the slide one place to 
the left, and at once see the answer as 268 ; to divide by ten we 
move the slide one place to the right, and immediately have the 
answer 2-68. 

When the children properly understand the extension of 
place-value to cover tenths and hundredths they readily see that, 
when necessary, further places of decimals may be used. 

(5) Changing common fractions to decimal fractions 
Sometimes decimal fractions have to be changed to ordinary 
fractions. This change is easy for children who already under- 
stand place- value. They merely have to recognize the fraction 
(tenths, hundredths, etc.) represented by the figures on the right 
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(a) (b) 

FIGURE 141.— Fraction-boards, used for decimals: ( a ) Number, 
ib) Money (the pound) 

of the decimal point. For example, they know immediately that 
•2 means -fe or i and that -25 means ffo or h 
But more frequently it becomes necessary to change ordinary 
fractions into decimals. For instance, the change is helpful when 
dealing with percentage (see next page) and it is very important 
when comparing the size of various fractions ; for example, when 
putting the following fractions in order of size, £, ff, ■£-, ff . 
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It is not suggested that work of this nature is suitable for 
primary school children, but it should be possible for them to 
change simple fractions to decimals. Much of this they learn 
from experience. They quickly learn, for example, that: 

jl _ .<• l __ . 25 * i _ .2 

The use of decimal fraction-boards (Fig. 141) often helps to 
make these simple relationships clear. But they may also 
learn the procedure for changing any fraction into a decimal 
fraction. 

The procedure may be introduced by 
referring again to the meanings of the 
symbol J (see page 441): $ may mean 3 H- 4, 
or| of 3, or 4)3. When J is put down as an 
example of ordinary division, the children 
realize that they cannot divide three units 
by four so they must change the three units 
to thirty tenths before dividing by four. 

Similarly, when they find a remainder of two 
tenths they change these to twenty hun- 
dredths and again divide by four. In this 
way they change £ to -75. 

It must be emphasized again that, in the primary school, it is 
sufficient if children understand the idea of decimal fractions and 
if they are able to recognize the value of those simple ones which 
they may meet. They are also extending their knowledge of 
place-value, and the structure of our number system. This know- 
ledge and understanding is essential if, at the secondary stage, 
they are going to deal successfully with more difficult calcula- 
tions in decimals. 
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B — PERCENTAGES 

As when learning about fractions and decimals, the children’s 
main difficulty in percentages is caused by failure to understand 
fully the language used. ‘Percentage’ is a long word, and 
children are sometimes afraid of it because they think it means 
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something new and difficult. It is most important that they 
should realize from the beginning that percentage is merely an- 
other form of fraction: that percentages arise from, and are 
closely connected with, the fractions and decimal fractions 
which are already familiar. 

The emphasis again, at the primary school, must be on under- 
standing. It is unwise for us to give children ‘rules’ for calculating 
percentages, unless they understand the meaning of the necessary 
words and phrases. Children who do not understand are likely 
to be in difficulties if they meet a problem which requires a little 
more than the mere application of a ‘rule’. Further, the children 
should be familiar with some of the uses of percentages in every- 
day affairs. 

In the primary school, therefore, it is better to concentrate on 
a thorough understanding of the ideas rather than on much 
practice in calculations. The children then have a good founda- 
tion upon which they can build. 

(7) Why teach ‘ percentages' ? 

In his life outside the class room, the child is most likely to come 
across the term ‘percentage’ in the conversation of grown-ups 
and when reading newspapers. He may understand merely that 
the word has something to do with quantities of things or 
amounts of money. For example, he may hear the common per- 
centages (25%, 50%, 75%) mentioned in news stories on the 
radio. He may hear the phrase ‘99% of the people’ to indicate 
‘nearly everybody’. He may understand a phrase like ‘100% 
attendance’ to mean ‘everybody was there’. 

Gradually, his understanding may increase until, for instance, 
he is able to compare his own examination marks in various 
subjects. If he goes on to study subjects such as science or agri- 
culture, he must be able to calculate percentages, in order to 
understand the results of his experiments. When he grows up he 
may need to know, for example,* about interest rates and dis- 
count expressed in percentages. 
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(2) The idea of percentage 


Various methods of expressing the relationship between two 
quantities have already been discussed. For example, if twenty- 
five children out of thirty are present in one class, and thirty- 
two out of forty in another, we can say that there are seven more 
children present in one class than the other. On the other hand 
we can think of the attendances as fractions of the total numbers, 
and say that (that is, f) are present in the first class and 
(that is, |) in the second. To compare these two fractions we 
change them both to eighteenths, and say that the attendances 
are respectively H and If of the totals. 

If we wish to compare these attendances with that of a class 
where thirty-three out of thirty-five children are present, it be- 
comes necessary to compare the fractions f, f and §£. This can 
be done by changing them to fff, and ff-f. But these are 
not easy fractions to work with, nor can we easily get an accurate 
idea of their size. The difficulty increases if we have to consider 
other fractions as well as these three. The working is simplified, 
and we find it easier to see the relative sizes of the various 
fractions, if we make a habit of changing such fractions to 
hundredths. We choose hundredths because of the tens-nature 
of our number system. We can ‘see’ the size of 1V0, for example, 
more easily than that of yf. We can think of it as just over 
seven-tenths. 

Returning to our first example, we find that when we try to 
change £ to hundredths there are not an exact number of 

83 - 3 

hundredths; but it is sufficient for our purpose to use or 


even Likewise (or 1^7) and (or &$) are sufficiently 


100 


accurate values for y and 35 respectively. 

Expressed in this way the three attendances are approximately 
-®oo and of the totals. When the attendances of other 
classes are expressed in this way it becomes easier to see their 
relative values. 

Another way of thinking of these fractions is to say that: 
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‘If there were 100 children in the first class 83 would be present. 
If there were 100 children in the second class 89 would be 
present. 

If there were 100 children in the third class 94 would be present.’ 
Or, more shortly: 

‘83 per hundred, 89 per hundred, and 94 per hundred were 
present.’ 

Another word for hundred is cent, so that the results can be 
expressed as: 83 per cent, 89 per cent, and 94 per cent. 

In a still shorter form these are usually written as 83%, 89%, 
94%. 

(3) Explaining percentage to children 

It is not suggested that such an example is suitable for children- 
But we ourselves, as teachers, must have full understanding 
before we can explain the idea. 

(a) Introduction — It is perhaps best to begin by revising work 

which the children have already done in fractions. For instance: 
‘Which is the biggest of these fractions: f, f, |?’ The children 
know that it is necessary to bring them to a common de- 
nominator, that is, in this case, to twenty-fourths : It 

is then quite easy to put these fractions in order of size. 

(b) The next step — We may put on the blackboard a list of a 
child’s examination marks. How can we find out his best mark? 

Reading: 7 out of 10 (-r 0 - of full marks) 

Arithmetic: 13 out of 20 (jo of full marks) 

History: 16 out of 25 (is of full marks) 

Geography: 33 out of 50 (% of full marks) 

The fractions are easily compared if we change them to hun- 
dredths like this: r^j, f„ 5 o. Too, -too- (We are imagining that, in 
each case, the marks are ‘out of a hundred’.) Now another way 
of saying seventy-hundredths of the total (or seventy out of a 
possible hundred) is ‘seventy per cent’.* and it is written 70%. 

• Per cent means ‘by the hundred' or ‘for each hundred’. Children should be 
asked to think of the meaning of other words which include ‘cent’. For example, 
the coin ‘a cent’, century, centipede, centurion, centimetre, etc. 
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Similarly, (65 out of 100) = 65 per cent or 65% 

and (64 out of 100) = 64 per cent or 64% 

and (66 out of 100) = 66 per cent or 66%. 

(c) Looking for examples of percentage — We encourage the 
children to find examples of percentage in everyday life. These 
should be fully discussed without any written calculations being 
made. For instance: 

(/) A newspaper report says that one football team (A) has a 
higher percentage of wins than another team (B). We look at the 
results of the games played by these teams and find that team A 
has won 13 out of 18 games (that is f£). Team B has won 1 1 out 
of 16 games (that is }}). These fractions have been turned to a 
percentage by the newspaper writer, and he knows which is the 
more successful team. 

(//) ‘A savings bank pays three per cent.’ What does this mean? 
(///) A newspaper advertisement says : ‘Buy now and save ten per 
cent of the cost.’ What does it mean? 

(iv) A man has a new car. He expects to sell it next year. The 
salesman says its value will go down by seven per cent ; if he does 
not sell it for two years, the value will go down by twenty per 
cent. What does this mean? 

Discussion of this kind is very valuable, because it gives the 
children a sensible and practical approach to the idea of percent- 
ages. This is a sure foundation for the calculations to come later. 

(d) Changing fractions to percentages — The children soon begin 

to remember the percentage value of the easy fractions. For 
example: } = 50%, i = 25%, } = 20%, = 5%, etc. This 

becomes particularly easy if the children are familiar with 
decimal fractions. For instance, they know straight away that 
since -75 = it is also 75%. Similarly, -05 = 5%, -15 = 15%, 
etc. 

We may then go on to show a method of changing any vulgar 
fraction to a percentage. The method may be explained, for 
example, like this: — 

l = seven-eighths of a whole. 

A whole can be thought of as or 100 per cent. 

So, $ of 100 per cent = J x 100 per cent = per cent 
= 87} per cent = 87}%. 
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The process can eventually be shortened to i x 100% 
= *P% = 87*%. 

A calculation does not always work out exactly. Therefore the 
children should sometimes be given practice in ‘rounding off’ 
their answers to whole numbers or to a given number of places 
of decimals. For example, * = 42$% or 42-8571%. This may be 
‘rounded off’ either to 42-9% or 43%. 

(e) Finding percentages of given quantities (in numbers, money, 
weights and measures)— Examples arise from the kind of dis- 
cussion described in (c), page 410. For instance:— 

(0 ‘A store-keeper finds that about 5% of the eggs he collects 
from farms are bad. How many are likely to be bad in a box 
containing 440 eggs?’ 

Here the children can see exactly what the 5% means: in 
every hundred eggs (per cent) five are bad. Therefore, yfo of the 
total are bad. The calculation is then made like this: x 440 
= 22; so the answer is: ‘Twenty-two eggs are likely to be bad.’ 
The storekeeper can allow for this when fixing the price of his 
eggs. 

(«) ‘In a village where there are 140 children, 55% are girls. 
How many boys are there?’ 

Here again, if the children know the meaning of percentage, 
they realize that 45 out of every 100 are boys. Put in another 
way, as a fraction, fa of the total number are boys. This is 
worked out as before: fa x 140 = 63. 

(iii) ‘John has thirty shillings allowance each month from his 
father. He arranges to spend sixty per cent of it and save the rest. 
How much does he spend?’ 

In this example the children change the 60 per cent to a 
raction and find fa of 30$. = fa x 30$. = 18 shillings. 

Similarly, examples can be given in finding percentage quanti- 
ties of various weights, length, time, etc. 
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LINES AND SHAPES 

A — The child's early experiences 

In their daily lives, almost from birth, children are meeting and 
dealing with situations which gradually build up ideas about 
lines, shapes, surfaces, solids, and containers. In their houses and 
during their play they hear and sometimes use the words which 
are connected with these ideas. Full, empty, closed, open, inside, 
outside, up, down, upside down, flat, pointed, round, smooth, 
rough, crooked, straight,* arc just a few of the many words in 
common use. Children must have full understanding of such 
words as these if they are to have a sound basis for later learning. 

Quite early chihVn also see as 1 1 ’-Tain to recognize, in actual 
life or in puiu. .omos. uii lh~ • tpes with which they are 
likely to deal in school work. They see and use square, oblong, 
and round articles in the home : the table, the chair, the picture, 
cooking utensils, the room itself. They notice big fields and little 
gardens of particular shapes. They see straight fences and up- 
right poles. They watch workmen building, using a plumb-line, 
measuring and cutting olf equal lengths, and mixing various 
quantities of sand and cement. They see all kinds of wheels and 
circular objects on vehicles and in the home. They themselves 
handle tins and containers, some of which are cylindrical, others 
rectangular. They pick up bricks and stones of varied shapes, 
sizes and weight. 

In their play children build up their experience and ideas with- 
out knowing it. They handle and bounce balls; model clay; join 
in games in which they have to stand in lines, squares or circles; 
ride on a see-saw; throw a stone, watching its path in the air and 
the splash and pattern of circles it makes when it falls into the 

* The importance of being careful m the use of words which indicate mathe- 
matical ideas has been frequently stressed in this book. The word ‘straight’ is a 
particularly good example. We may think of all the meanings attached to this 
word (or look it up in the dictionary) and notice how all of them are really derived 
from the mathematical idea of a piece of string stretched tightly between two 
points. 
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water. In their indoor play, too, they are continuing this experi- 
ence of lines and shapes as they sit down to draw, to cut out, and 
to play table games. 

B — The work in the primary school 
When we begin to teach the child we must make full use of his 
early knowledge and experience. We must also realize that ideas 
and knowledge about lines and shapes grew out of the life and 
work of ordinary men and women doing their everyday tasks 
like building, cooking, and hunting. This realization helps us to 
find the best way of introducing the ideas to children: through 
the everyday things they know rather than through abstract 
ideas. 

The abstract ideas and general truths necessary for a later 
study of geometry eventually grow out of an understanding of 
the many experiences which the child links together in his mind. 
For example, the idea of a square, as a figure of four equal sides 
in which the four angles are all right angles, is gradually built up 
in the child’s mind, when he folds, cuts, compares, measures, and 
draws during his earlier years. At the same time he gradually 
learns the necessary words and phrases because he needs them 
to express his ideas about the things he is doing. 

So we do not try to teach theory in a formal way in the primary 
school. Through many practical experiences the children begin 
to understand, and arc encouraged to *lnd out about, the abstract 
ideas of lines, shapes, etc. 

The next section gives suggestions for suitable activities. They 
are all important, but need not be introduced in any particular 
order. An activity often arises from some other topic, or out of 
lessons in other subjects such as sewing, hand-work, etc. We 
must be sure to make use of all such opportunities. For 
example:- - 

(/) When gardening, the children want to plant seeds in a 
straight row. A piece of stretched string may be used. 

(ii) A game to be played requires the drawing of a circle. How 
can we do it? 

(i/i) In the physical education lesson each team is asked to form 
a straight line. What is the best way of doing this? 
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(iv) Children are told to watch hens and other animals coming 
for food. They run from all directions in straight lines. The 
children realize that they themselves do the same thing when 
they want to get to a particular point quickly. 

(v) A rectangular plot is to be marked out. How do we make a 
right angle? 

We must also remember that much of children’s learning at all 
levels comes from their own attempts to solve the problems con- 
nected with making things. Children enjoy using all kinds of 
material (wood, paper, cardboard, scissors, paste, clay, sand, 
mud, etc.). At the same time they are learning, in the best pos- 
sible way, all kinds of mathematical ideas. For example, the 
child who, after several attempts, makes a good paper model of 
a circular tent has learned a great deal about the circle and the 
cone. His very failures give him useful information about the 
relationships of various shapes. Such work need not, of course, 
be confined to the arithmetic lesson. History, geography and 
language lessons become much more ‘alive’ when models are 
made and used. 

C — Suggestions for children’s work 

(1) Lines 

(a) Straight lines — These may be shown: — 

(0 On paper, using a straight-edge or ruler. 

(ii) On the blackboard, by the chalked thread method (Fig. 142). 

(iii) Out of doors by stretching a length of string or rope. 

(iv) By folding paper to make a straight edge. 

(b) Curved lines — Attention is drawn to these by: — 

(i) The drawing of simple designs. 

(ii) Noticing curves on pictures and maps. 

(iii) Noticing curves on roads. 

(iv) Measuring a curved line by means of a piece of cotton or 
string. 

This should be linked with the work on straight lines, leading 
to the idea that the shortest distance between two points on a 
flat surface is the straight line joining them. 

(c) Drawing and measuring — Various simple shapes, regular and 
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irregular but with straight sides, are cut from cardboard and 
given to the children. They draw round the shapes and measure 
the lengths of the lines they have made. 
id) Parallel lines — These are introduced after the activities in (c) 
and may be drawn by using the parallel sides of a rectangle or 
the parallel edges of a ruler. Later the children may be shown 



FIGURE 142. — The chalked thread method of making a straight line on the 
blackboard. (A piece of thread is well rubbed with chalk. It is stretched tightly, 
and held firmly at A and B. By means of a small loop of string at its middle, the 
thread is pulled a little back from the board. When released it chalks a straight 

line between A and B) 

how to draw parallel lines by means of set squares. We encour- 
age them to notice parallel lines in buildings, roads, rails, tele- 
graph wires, etc. The discussion of parallel lines may lead to an 
interesting and simple introduction to the idea of perspective, if 
children begin to notice that long parallel lines (for example, the 
sides of a long straight road or railway line) appear to meet in 
the distance. 

(2) Shapes 

{a) Folding paper — This activity is a good introduction to learn- 
ing about shapes because the children can find out a great deal 
for themselves and then discuss their ‘discoveries’. For example, 
the teacher says: ‘You each have a square. Fold it carefully into 
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two parts so that one edge is exactly on top of its opposite edge. 
Cut along the fold. Now what have you made? Are they squares? 
They are oblongs ( rectangles ). Now fold one of the rectangles 
across the long side. What have you got now? Two squares, but 
they are smaller than the first square.’ 

Folding and cutting also enable children to find out how 
squares and rectangles may be broken up into triangles by fold- 
ing along diagonals, etc. When the folds are cut, the triangles 
may be arranged in many different shapes. Paper folding is made 
more interesting if we show the children how to make simple 
paper models (such as darts, boats, ’planes, etc.). 

Ideas of symmetry begin to arise from these activities. The 
children notice that similar shapes can be seen on each side of 
a folding line. Paper designs may be made by cutting or tearing 
out after folding: when the paper is opened out the torn-out 
shape is seen to be repeated on each side of the folded line. 

Ink-blot shapes are also a very popular method of giving 
children an idea of symmetry (Fig. 143). 



FIGURE 143. — An ink-blot shape (symmetry). (A blob of ink is allowed to 
dry slightly. The paper is then folded and pressed. Shapes may also be made by 

folding twice) 

( b ) Playing with shapes — The children arrange patterns with 
various shapes, made from cardboard, wood, or coloured paper 
(Fig. 144(a)). They are also encouraged to use their imaginations 
in constructing simple pictures of objects (Fig. 145(6)). If this is 
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found to be too difficult, we may draw a number of such 
‘pictures’, into which the children fit their shapes. In these activi- 
ties the children are making themselves familiar with various 



F IGURE 144. Regular shapes, used for: {a) making patterns, 
(b) constructing pictures' 


shapes, and learning their names. They begin to see, for example, 
that the shape of any particular triangle remains the same, what- 
ever its position. 

(c) Making and drawing circles — The children may have played 
with circles in building up patterns and shapes. They should also 
be given activities to direct their attention more closely to the 
circle. For instance: — 

(/) Drawing round the base or top of various objects (tin, vase, 
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coin, cup) and then cutting out the circular shapes. These shapes 
may be folded in halves and quarters. The children then meet 
the words diameter and radius for the first time. (There should 
be no formal definitions at this stage.) Points at the ends of 
folded lines can be joined to make other figures (Fig. 145). 



FIGURE 145. — Folding circles: {a) into halves and quarters; (b) to join ends of 
fold-lines and make various regular shapes 


(//) Drawing circles by use of a pin as centre and looped string 
to which a pencil is attached. Out of doors a similar method is 
used for drawing a large circle. A piece of rope or string tied to 



FIGURE 146. — A cardboard strip for drawing circles. (Holes are made, every 
quarter of an inch along the card, to take the point of a pencil. A circle of required 
radius is quickly drawn as the card rotates round the drawing-pin) 

a stake driven into the ground is stretched to the required length. 
Keeping the string tight a child walks round marking the ground 
with sand or whitewash as he goes. 
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Similarly, a teacher sometimes uses a cloth duster when draw- 
ing a circle on the blackboard. One end is held firmly as a centre: 
the other end, with the chalk, is moved round it. 

(iii) Drawing circles with a marked-out strip of cardboard 
(Fig. 146). This is a valuable piece of apparatus, since circles of 
any particular radius can be drawn quickly and accurately. 

(iv) Marking a given distance in various directions from a central 
point. These points are then linked to form a circle. 

This method emphasizes that all lines drawn from the centre 
of a circle to the outer rim are equal. 

(v) The use of compasses is eventually taught to the children. 
Young children seldom find it easy. They should be allowed to 
experiment with the compasses by making patterns of curves. 
This gives them further experience with shapes, as well as help- 
ing them to manage the compasses. 

(d) Common solids — From early school years children should be 
encouraged to play and build with various solid objects, such as 
blocks (bricks), cubes, cylinders (round tins), cones and spheres 
(balls). As they get older they learn the names of these solids and 
notice the particular properties of each. 

They should also be encouraged to notice the shapes of solids : 
tins, bottles, boxes, packing cases, tree-trunks, pipes, boilers of 
railway engines, screws, materials used in building, etc. 

(3) Direction and angles 

Some knowledge of direction on the earth’s surface is useful 
for many everyday purposes as well as in mathematics. Most 
children learn something about direction from their own 
observation of nature and from general conversation. We should 
build on this knowledge, in geography and arithmetic, to give 
the children more accurate ideas of angles and the points of the 
compass. 

In early school years the work may consist of nothing more 
than a discussion of the sun’s position at rising, mid-day, and 
setting. Later, the children may observe and measure the posi- 
tion and length of shadows at different times of the day. They 
may also be encouraged to watch tor the Pole star, or a con- 
stellation such as the Southern Cross, at certain times of the 
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year. Older children may see and discuss a mariner’s compass. 
They may perhaps experiment with a magnetized needle. 

The four points of the compass may be marked out in the 
playground or in the class room. 

The intermediate points may be added later (Fig. 147). A 
wind-vane (weathercock) is very useful, but even without one 
the children may keep a daily record of the approximate direc- 
tion of the wind, if they have a clear idea of the four points. 
Games requiring a knowledge of direction may be organized: 
for example, a ‘treasure hunt’. Groups of children are given a 
card of written directions, such as: ‘Start at the door facing 


S3 



FIGURE 147. — The points of the compass. (The ‘four points’ are marked out 
first. Intermediate points may be added later) 


North. Walk forwards 100 yards. Now turn North-west and 
walk for 10 yards. Then turn South and walk for 12 yards. 
Write down what you see in front of you.’ 

Angles may be introduced through the activities with lines, 
shapes and direction. Children notice that some shapes are more 
‘pointed’ than others, and that some have ‘square’ corners. They 
see, when drawing, that, unless they are parallel, two straight 
lines meet (at a point) somewhere. They know of paths or roads 
which meet at a corner, and notice the fork made by two 
branches of a tree. 

When thinking about direction and the points of the compass, 
they have probably practised ‘turning’ to the left and right, to 
the North, South, East and West. They also know what is meant 
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by ‘turn half-way round’, ‘face the opposite way’, ‘turn all the 
way round’. 

Their experiences can now be given a more exact geometrical 
setting. 

(a) Right-angles — The children learn that when they turn to face 
the right or left they have turned through a right-angle. If two 
lines are drawn, showing the directions before and after turning, 
it is seen that these meet to enclose a ‘square’ angle. This is 
known as a right-angle.* The children then make a list of things 
on which right-angles can be seen (books, tables, desks, black- 
board, wall, houses, some cross-roads, etc.). 

They are shown a simple way to make a right-angle without 



FIGURE 148. - A right-angle (made by folding a piece of paper) 


using a set square. A piece of paper is folded down the middle, 
then folded again along the first folded edge (Fig. 148). The 
corner shown is a right-angle. The children may use this to ‘test’ 
various angles (the corners of the room, the table, the door, etc.). 
They are also shown how to make a special kind of triangle, 
with a right-angle in it, by folding and cutting along the diagonal 
of a square. (The children are asked to find out all they can 
about this triangle.) 

(b) Other angles — The children test the angles of various flat 
shapes to find whether they are greater or less than a right-angle. 

The ‘movement’ of the sun through the day may be noted. 

* It is suggested that the measurement of angles in degrees should be left until 
later. 
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The children see that by noon it has appeared to ‘turn’ through 
a right angle. The angle increases as the day goes on. 

The changes of angle between the hands of a clock may be 
studied. For instance, the children notice that at 12 o’clock 
there is no angle, while at 6 o’clock there are two right-angles 
between the hands. The teacher may show, by keeping one hand 
of a cardboard clock-face still, that the other hand may turn 
through four right-angles. 

(4) Measurement 

(a) Length and distance — Having learned, through many activi- 
ties, about various shapes, children should have little difficulty 
in finding the distance round any regular shape (its perimeter). 
For example, when finding the distance round the edges of a 
square, they measure one side and then multiply by four; for the 
perimeter of a rectangle, they make two measurements only. 

If the shape includes a curve, the perimeter is found by 
measuring the length of thread needed to go round it. 

Children may find the length of the circumference of a circle 
by use of a formula given by the teacher, but a practical approach 
is far better. They make a circle on paper by drawing round a tin 
or pot (the base of a cylinder). Then they put a piece of string 
round the article to find the distance, that is, the circumference 
of the circle. Next they draw a diameter of the circle and measure 
it.* When they compare the length of the circumference, they 
find it to be just over three times as long as the diameter (about 
34" times). 

Children are surprised to find that this is always the case, 
whatever the size of the circle and whatever means are used for 
drawing and measuring it. If they try it out several times and in 
different ways, they soon grasp the idea. They are then ready to 
be introduced to the formula, should this become necessary at 
a later stage. 

(b) Area — The idea of measurement of area may often be intro- 
duced through the need to compare the size of surfaces for some 

• In this very simple case the centre of the circle is not marked. The children 
draw a line, as best they can, across the ‘greatest width*. This is accurate enough 
at the first stage. 
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everyday purpose. For example, which of two garden beds is the 
bigger and will need more seed? Which of two walls will take 
more paint? Which of two farm plots will require more com- 
post? This should lead to a discussion of the amount of surface, 
the area, and the need to measure it. 

Within the class room the approach to the measurement of 
area may be through a revision of measuring length. We draw 
two lines on the blackboard, not parallel and of slightly different 
lengths. We ask which is the longer, and the children come and 
measure them, using inches as units. 

Next, we show two rectangular pieces of cardboard: a red one 
8x3 inches, and a blue one 6x4 inches. Which is the bigger? 
— How can we find out? A child measures the lengths of both 
cards with a ruler, and says the red one is bigger. Another child 
is asked to try but this time the cards are turned round so that 
he measures the widths. He says that the blue one is the bigger. 
This leads to the decision that the ruler, with its inch units of 
length, is no good for the purpose. The children discuss what 
other units may be possible. Eventually we introduce the square 
unit, in this case the square inch. We show how the two cards 
can be covered with square inches. The children find that both 
cards, though of different length and width, have the same area 
(twenty-four square inches). 

Each child should be given a number of square inches of paper 
with which to measure various shapes (not only rectangles). We 
may then show a piece of card to represent a square foot, and 
discuss with the children how this is suitable as a unit for 
measuring larger surfaces (the area of a large table, the door, the 
blackboard, etc.). Similarly, the children should get to know the 
size of a square yard, for measuring still larger areas. The square 
yard may be painted in a suitable place on a wall, or in the play- 
ground. Children may experiment to find out how many square 
feet there are in a square yard. 

So far there has been no mention of calculating the area of a 
rectangle. Some of the children often find out how to do it for 
themselves, as a result of counting squares in various rectangles. 
When they have counted several rows of squares, they find that 
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each row has the same number. So they need not count every 
square. All they have to do is count the number of rows and the 
number of squares in a row. They then multiply to get the total 
number of squares in the rectangle. Eventually, we show how 
this may be set down shortly as: — 

Area = Length x Breadth. 

The children must understand that measurement of length and 
width must always be made in the same units. 

(c) Volume — At the primary school stage we do not expect 
children to do more than learn the names of the common solid 
shapes and get a good idea of what is meant by volume. Their 
varied activities lead up to the connexion between volume and 
capacity. How much does a particular shape of container hold? 
How much water in a tank? How much timber in a tree-trunk? 
How much sand and gravel in a lorry? How much petrol in the 
tank of a car? How much air-space in a class room? 

We point out that, while it is possible to measure the capacity 



FIGURE 149. — Building up a rectangular solid from cubic units 

of a vessel by the amount of liquid it holds, we cannot do this 
with a solid material. We go on to a consideration of a unit for 
measuring volume. We remind the children of the need for a 
unit such as an inch to measure length, and a square inch to 
measure surface area. They are now shown an inch cube. A 
number of these cubes are used to build up a rectangular solid 
(Fig. 149). They are laid carefully in rows (as in demonstrating 
the unit of area), and the children are encouraged to see for 
themselves the method of finding the volume of the solid which 
has been built up. 
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(</) Examining and making common solid shapes — Children 
should have the opportunity to break down and to build up 
various solid shapes for themselves. This increases their under- 
standing of volume, and, at the same time, shows them the 
method of calculating the surface area of various solids. For 
example, each child may break down an empty match-box or 
cardboard carton,* etc., and see what it looks like. They see that 
the surface of a box consists of several rectangles, and that of 
a hollow open cylinder of one rectangle (Fig. 150). Similarly, 



(•) (b) (c) 

FIGURE 150. — Surfaces of common solids: (a) Surface of match-box tray; 
(b) surface of match-box cover; ( c ) surface of hollow cylinder 

older children may build up various shapes from cardboard and 
clay in their handwork lessons, or when constructing models for 
other subjects. It must be remembered that, in constructing a 
box, arrangements have to be made for pasting the parts to- 
gether (see Fig. 1 56 ( b ), page 462, for example). 

(5) Scale 

A child’s first ideas of scale probably begin when he realizes that 
objects appear to get larger as he comes nearer to them, and 
smaller as he moves away. When he tries to make pictures of 
objects, he finds that big things can be drawn on a small piece 
of paper. At first, however, he cannot draw things in proper 
proportions. For example, he may draw a man, representing his 
father, almost as big as a tree. ’Size often depends upon the 
importance of the object in the child’s mind. It is wrong, at this 

* It may be necessary to wet cardboard boxes a little before they can be opened 
out. 
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stage, to insist on correct scale, and so interfere with a child’s 
artistic expression. 

(a) Reading a scale — Later, however, the teacher may give 
guidance by discussing the map of the district. ‘How far is it on 
the map from town A to town B?’ (The distance may be mea- 
sured by a ruler, or, if the line between the two towns is curved, 
by means of a piece of string or cotton.) ‘It is twelve inches.’ 
‘Now, how far is it really?’ — ‘Twelve miles.’ ‘So twelve miles are 
represented by twelve inches on the map. Therefore, one mile 
is represented by one inch.’ The scale is found to be printed on 
the map. The children are then set to find distances between 
various places on the map by using the scale. They may also find 
the lengths of rivers and railways. 

We may be able to show simple plans of houses, schools, etc., 
and the use of different scales for various purposes. (For 
example, most building plans are made to a scale of one-eighth 
of an inch to one foot.) 

(b) Drawing to scale — It should be pointed out to the children 
that pictures, photographs and even their own drawings and 
paintings are usually smaller representations of bigger things. 
But the scale of the objects in these pictures is rarely accurate. 
It is impossible, for instance, to tell the exact height of a tree in 
the background of a picture as compared with a man in the fore- 
ground. We explain that drawing to scale is useful if we are 
going to make furniture, build a house, plan a garden, etc. This 
makes it necessary for us to know the exact measurements of the 
object before we can begin to draw a detailed plan. 

It is wise to begin scale-drawing exercises very simply, with 
objects in the shape of rectangles or squares. For example: — 

(/) A book may be drawn to a scale of half-size. 

(ii) The top of a desk may be drawn to quarter-size. 

(iii) The class-room floor may be measured (to the nearest f oot). 
The children then consider these measurements in comparison 
with the size of their paper. Fcfr instance, if the room is twenty- 
four feet by twenty feet they may decide that one inch to four 
feet is a suitable scale for a plan, and so draw a rectangle six 
inches by five inches. 
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(i’v) A plan of the school play-ground or playing field probably 
needs a scale of one inch to a number of yards. Such a plan may 
not be a simple rectangle. The older children may draw the plan 
by using their knowledge of direction and angles. 

(v) Some children may make a plan of their journey to school. 
At first this is a rough drawing, showing various places and 
measurements. Later, when a correct scale has been decided, the 
plan may be drawn more accurately. 

(6) Graphs 

Closely linked with, and following on, drawing to scale comes 
the idea of using graphs for showing information in an easy way. 




428 


TEACHING OF ARITHMETIC 



FIGURE 151 . — Graphs of temperature readings (in two of four stages) 


(Nowadays, graphs are very often used for this purpose in news- 
papers, etc.) Of course, children at this stage may be expected to 
read and make only very simple graphs. The making of these is 
easily understood and enjoyed by young children, provided that 
the information represented is of interest to them. Here are some 
examples of the kind of work which children may do. Some- 
times the work is individual, done in their own books, sometimes 
it is carried out by the class, the graph being displayed on the wall. 
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(a) The recording of the room temperature at regular intervals 
during the day (every hour perhaps) gives children a good 
understanding of line graphs and serves as a useful introduction 
to the various forms in which information may be represented. 

(/) The children first record the temperatures on simple scale 
drawings of thermometers as in Fig. 151(a). 

(ii) On the next occasion, to save time and effort, the tem- 
peratures are represented by straight lines as in Fig. 151(6). 

(Hi) On a later occasion only the positions of the tops of the 
straight lines arc marked, as in Fig. 151(c). 

(iv) The joining of the tops of the lines by a smooth curve as 
in Fig. 151 (d) comes as a natural extension of the early stages. 
If records of the temperature are taken, but not plotted , at the 
half-hours, the children can compare them with the correspond- 
ing readings on the graph and begin to see how the curve can 
be used. 
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FIGURE 152.- -A column graph (of daily attendance) 


(6) The daily attendance of the class is best set down as a ‘block’ 
or ‘column’ graph (Fig. 1 52). It is important to remember that, 
with information of this nature, there is no purpose in joining 
the tops of the columns with a smooth curve (as in the example 
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above on temperature recordings). Intermediate points on the 
curve have no meaning. 

(c) The rainfall of the district may also be represented by a 
column graph as in Fig. 1 53. Older children may be able to com- 
pare the rainfall graph with that of class attendance over a period 



FIGURE 153. — Another column graph (monthly rainfall). (Not merely the 
amount of rain but the whole shape of such a graph depends on locality. This 
figure represents a typical year for one particular place) 


of time. They may try to find out whether one affects the other 
— are children absent from school in the rainy season more than 
in the dry season? 

(d) Graphs of a circular type show some kinds of information 
conveniently. They enable comparisons to be made quickly. (It 
is not suggested that young children should make circular 
graphs, but they can be led to understand them.) For example, 
Fig. 154 shows how the populations of two towns may be repre- 
sented by this type of graph. It can be seen at once that town A 
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has nearly twice as many children and only half as many old 
people as town B. The question arises ‘Why is this so?’ Many 
examples of this type of graph may be found in newspapers and 
magazines. They may form the basis of useful discussions with 
the children. 



FIGURE 154. — ‘Circular’ graphs (population) 

(e) In schools where animals and pets are kept, the regular 
recording of the weights of the animals provides information 
which may easily be represented in a graphical form. The curves 
so obtained may give the children their first ideas of ‘rate of 
growth’. 

The recording of the growth of a plant is mentioned on 
page 140. 

(/) Suggestions for other topics are : — 

1. Marks gained in various subjects. 

2. House points gained. 

3. Daily egg yields from hens. 

4. Daily milk yields from cows. 

5. Times of high and low tide. 

6. Temperature changes on going up a mountain. 

7. Depth of the river .it various points across its width. 

8. Number of children in families. 

9. Number of books borrowed from the school library. 

10. The extension of a spring (or piece of elastic) when sup- 
porting various weights. 

The work described in this chapter gives a brief outline of 
what may be done in the primary school to give children a good 
understanding of the mathematical ideas necessary for their 
later study of the geometry of lines, shapes and solids. The 
emphasis is upon children gaining an insight through doing 
things and finding out things for themselves. 



CHAPTER XXV 


FUN WITH FIGURES 

Arithmetic can be fun. There is no reason why children should 
not enjoy their arithmetic lesson as much as any other. And the 
more they enjoy the work the more successful they are likely to 
be. 

In the past some teachers did not mind if their children found 
arithmetic an unpleasant task. Whether they liked it or not was 
unimportant: the children were forced to do it. It was thought 
that in some way this was good for them and helped to improve 
their characters ! These teachers did not ask why the children dis- 
liked the subject; they did not consider that the children might 
have preferred to have liked and enjoyed the subject. They did 
not consider how much better their efforts would have been 
rewarded if the children’s attitude had been more favourable to 
the work. 

Nowadays teachers realize more and more the importance of 
a child’s attitude towards the work he is doing. It is true, of 
course, that the attitude towards the work is greatly influenced 
by the relationship which exists between the child and the 
teachers. But other influences are also important. 

Most young children like arithmetic when they begin school. 
They enjoy their little ‘sums’ because of the mental satisfaction 
they get when they see their calculations working out neatly. 
Their attitude towards the subject is affected by the number of 
‘sums’ they have correct, by the praise they receive from their 
teacher, and by the recognition of their success. 

Such factors have a big influence throughout the whole of the 
primary school, and most teachers try to take account of them 
by arranging the work so that each child, whatever his ability, 
has a chance of experiencing reasonable success at every stage. 

As they grow older the children begin to see that arithmetic is 
a subject worth studying. They see that it has a use in everyday 
life; they find that it is necessary for a proper study of science; 
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they find that it has a place in the history of the development of 
man; they learn that they may have to pass an examination in 
arithmetic before they can go to the secondary school. 

For many children, the relationship with the teacher, the 
success (or failure) experienced, and the realization that arith- 
metic is a worthwhile and necessary ‘subject’, are the chief 
influences which decide their attitude towards the subject. When 
these influences are favourable they like arithmetic and are 
likely to do well. (Throughout this book the importance of 
understanding through enjoyable activity has been constantly 
emphasized.) 

But some teachers help children to find more in arithmetic 
than the pleasure which comes from success. Arithmetic has an 
appeal of its own. It can quicken and stir the imagination. 

The way in which we try to encourage the children’s imagina- 
tions depends mainly upon our own attitude towards the 
subject. If we find enjoyment in arithmetic, we seize every 
opportunity which may help children to find similar enjoyment. 
(Throughout the course we have chances of introducing some- 
thing of unusual interest. For example, we may look a little 
more closely at certain relationships between numbers, tell 
some simple story from the history of mathematics, examine 
geometrical patterns, share ‘puzzles’ and problems, and so 
on.) 

There can be no scheme or syllabus for this kind of work. It 
depends upon the ability of the teacher to make use of any 
opportunity. Its success can only be measured by the lively way 
in which children look foiward to their arithmetic lessons. 

Here are some examples to suggest various possibilities. 
Teachers know and can find many more for themselves. 

(/) Fun with numbers 

(a) Missing numbers - Find the missing numbers in the follow- 
ing examples : 

(0 245 + 07 ) 48 ?- (ii'O 5 ?? x 

1 ?? V6 7 

706 284 36?3 


(iv) 235 
3)??5 
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(b) Sets of numbers — Find how the following sets of numbers 
are made up and add two more numbers to each set: — 

(0 1, 3, 5, 7, 9, ?, ?. 

(//) 1, 4, 9, 16, ?, ?. 

(Hi) 25, 20, 15, ?, ?. 

(/v) 1,12, 23, 34, ?, ?. 

O’) 1,2, 4, 7, II, ?, ?. 

(vi) 2, 3, 4, 6, 8, 12, 16, ?, ?. 

(vi7) 81, 54, 36, ?, ?. 

(viii) 2, 5, 8, 1 1, ?, ?. 

Ox) 2, 4, ?, ?, 32, 64. 

(c) Magic squares — These are two examples of ‘magic squares’: 
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9 

2 

07) i 
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3 
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13 
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7 
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15 

14 
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In each case the sum of the numbers in each column and each 
row is the same, and is also equal to the sum of the numbers 
along each diagonal. Able children can work out the arrange- 
ment of the numbers in (/) when the idea is explained to them. 
(There are several possible arrangements.) Less able children 
enjoy completing partly filled squares. 


(/) 


7 

2 

L 

5 

10 

3 

? 

? 


7 

6 

7 

? ! 

i 

10 

5 

7 

7 

7 

i 

i 


(Hi) 


4 

? 

? 

16 

15 

6 

10 

3 

? 

7 

7 

7 

I 

12 

? 

13 , 

._.J 


(d) Numbers arranged to give other numbers — Here are two 
examples: (/') ‘Make, with the four figures 1, 2, 3 and 4, the 
largest possible fraction, placing two of them side by side in the 
top of the fraction and two in the bottom. 1 (Answer ijf.) 

(») ‘Arrange four threes (that is 3, 3, 3, 3) so that, with the aid 
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of the ordinary signs used in arithmetic, they make ten.’ (Answer 
3 x 3 + i) ‘Now arrange them to make, in turn, 0, 1, 26, 

(e) Big numbers and little numbers — Many children are greatly 
attracted by big and little numbers, even when these have not 
much meaning for them apart from their ‘big’-ness and ‘little’- 
ness. They enjoy looking in their reference books for the in- 
formation asked for in questions such as : 

(i) What is the weight of the earth in tons? 

(k) How far away from the Earth is the sun? 

(i«) What is the thickness of a human hair? (They may try 
to measure one.) 

(iv) What is the weight of a grain of sand? (Again, they can 
try measuring this.) 

(/) Number oddities — Examples have already been mentioned 
(page 246). Here are some more. 

(1) 4 = -142857 (to six places of decimals). This is of little 
practical use but it is interesting in that : — 

14 = 2 x 7 
28 = 2 x 14 

57 = 2 x 28 -r 1 (‘for luck’, we may say!) 

4 = -285714; 4 = -428571 ; and so on. 

(//) 2178 x 4 = 8712 

1089 x 9 = 9801 

1x84-1=9 
12 x 8 -f 2 = 98 
123 x 8 -I- 3 = 987 
1234 x 8 4- 4 = 9876, and so on. 

Now trv 1 x 9 + 2 = ? 

12 x 9 4- 3 = ? etc. 

lxl = ? 
llxll = ? 

Ill x 111 = ? etc. 

1 = 1 (1 x 1) 

14-3 =4 (2x2) 

14-3 + 5 = 9 (3x3) 

1 + 3 + 5 + 7 — 16 (4x4) etc. 

(2) Fun with 4 short methods' 

Some calculations are usually made by the use of short methods . 


(Hi) 

(*v) 

(v) 
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Quick ways of multiplying and dividing by ten, and of dealing 
with certain money calculations, have already been mentioned 
in this book. 

However, care is necessary in introducing short methods to 
children. There is always a risk that a child may find the short 
method more difficult than the standard one. His work then 
takes longer and becomes less accurate. Further, it is better to 
introduce short methods when suitable occasions occur, rather 
than to set out to teach them. Children may be given practice 
with them, but should be allowed to decide for themselves 
whether to use a short method in any particular case. 

In most schools children are shown short methods of making 
calculations* such as the following: — 

(/) Multiplication and division by 10, 100, 1000, etc. 

(//) Multiplication and division by 25, 125, etc. 

(///) Multiplications such as: 199 x 27,201 x 27, £2. \9s.9d. x 
17, etc. 

(zv) Multiplication of pence and halfpence by 12, 24, etc. 

(v) Multiplication of shillings by 20, 40, etc. 

Many children delight in these short methods, especially when 
they understand them. 

A few children go further and find fun in looking out for 
ways of shortening calculations. This often leads to very 
valuable discussion. 

Such children often find interest and stimulation in short 
methods which are not usually met in primary school work, 
Here are two examples : — 

(z) ‘Find the sum of all the numbers from one to nine.’ The 
children find the answer by straightforward addition (45). 
They are then shown that : 

1 + 2 + 3-1- 4 f 5 f 6 -!- 7 + 8 9 

9 + 8 + 7-1- 6 -f 5-1- 4 -f- 3-1- 2 -1 1 

10 + 10 + 10 -f- 10 + 10 -}- 10 -4- 10 + 10 -{- 10 


and that the required sum is therefore — ^ 45). When 


See, for example, page 193, and the footnote on page 195 
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they understand this they may enjoy finding larger sums, such 
as: 


1 + 2 + 3 + 4 + 98 -j- 99; 

1 + 2 + 3 -1- 4 + + 999; 

1+3-1-54-7+ -j- 19. 

(ii) Children who know the short way of writing 2 ■ 2 
2x2x2, etc., may make up a table like this: 

2 = 2 1 
4 = 2 2 
8 — 2 3 
16 = 2 4 
32 = 2 s 
64 - 2* 

128 = 2 7 
256 2 8 

512 - 2® 

They then work out examples like 4 x 16, 8 x 16, 4 x 64, etc. 
by the usual multiplication process. Comparing their answers 
with the table, they may be led to see a short method of finding 
such products. A few children may even be able to find out an 
explanation of the short method. 

(J) Fun with lines and shapes 

(a) Counting shapes — Here are some examples: — 

(0 How many rectangles are there in this ~T 

figure? 


(ii) How many squares are there in this 
figure? 


(hi) How many separate squares can be made by 
joining sets of four points in this figure ? 
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( 4) Fun with ‘ problems' 

Children are helped to build up a happier attitude towards 
problem-solving if, from time to time, class and teacher work 
out interesting little problems together. This is better than 
setting written ‘problems’ taken from a text-book. The solving 
of these little problems then takes on the nature of a game. 
Even though children do not solve a problem, they enjoy talking 
about it and trying it out on other children. That they have 
failed to get the right answer for themselves becomes less 
serious. 

Here are some examples of such problems : — 

(0 Two villages are twenty-four miles apart. A man leaves one 
village and walks towards the other at four miles per hour. At 
the same time another man leaves the second village and cycles 
towards the first at eight miles per hour. Just as the first man 
leaves his village a fly settles on his nose and then flies at twenty 
m.p.h. towards the second village, until he meets the -second 
man. It settles on his nose for a moment and then flies back to 
the first man. The fly continues in this manner until the two men 
meet. How far does the fly fly? 
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00 A man has ten white socks and eight black socks. He keeps 
them all in the same drawer in his room. If he goes to his room 
in the dark, how many socks must he take from the drawer in 
order to be sure of having a matching pair? 

0*0 I have some money in each of my two pockets. From my 
left-hand pocket I take as much as is already in my right-hand 
pocket and put it in the right-hand pocket. I do this a second 
time, and then a third time. My left-hand pocket is now empty, 
and in my right-hand pocket I have three shillings and eight- 
pence. How much did I have in each pocket at first? 
ipv) A man travels ten miles South, then ten miles East and then 
ten miles North. He finds himself back where he started. Where 
is his starting point? (There is more than one possible answer.) 

(v) A new machine is said to do twenty per cent more work in 
twenty per cent less time. How much better is it, in simpler 
terms, than the old machine? 

(vi) I have two jugs. One holds five pints and the other six pints. 
If I go to the river, how can I get exactly two pints of water into 
one of the jugs? 

(v/7) What is the least number which, when divided by each of 
the numbers 7, 6, 5, 4, 3 and 2, leaves remainders of 6, 5, 4, 3, 2 
and 1 respectively? 

(vm/) A ’bus, which would not hold more than forty children, 
was hired to take a class on a journey. The children agreed to 
pay equal shares of any money they spent on the way. They 
spent fifteen shillings and three halfpence and paid equal shares. 
How many children were there in the class? 

As a rule children should not be given ‘catch questions’. But 
at the right time and as a change from the usual examples, they 
enjoy a little puzzle. (In r ,uch a case, of course, we explain that 
they ha ve to look out for a catch or trick.) Puzzle-type questions, 
like the following, particularly if they are humorous, often lead 
to varied, amusing, useful and interesting discussions, not only 
of number but of words and language. 

(/) A duck in front of a duck. A duck behind a duck. A duck in 
the middle. How many ducks in all? 

(//) Six wet towels, hung on a line in the sunshine, dry in thirty 
minutes. How long does it take one towel to dry? 

(Hi) Which is the heavier: a pound of iron or a pound of 
fctitlicrs ^ 

(/v) What is a half of two and two? (Three different answers are 
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sometimes given to this question, although only one is correct 
arithmetically. What are they and how are they obtained?) 

(v) A man weighs ten stones when he is twenty years old. How 
much will he weigh when he is sixty? 

(vi) How many minutes are there from two to two to two two? 

It must be repeated that the greater our own interest and sense 
of fun the more likely are our children to enjoy their arithmetic. 



SOMETHING TO THINK ABOUT— 13 

(Fractions) 

In the section preceding Chapter XIV it is pointed out 
that there are a variety of words and phrases which 
indicate that division must take place. For instance: — 

‘Share 56 oranges between 8 people.’ 

‘How many times can I take 8 from 56?’ etc. 

Unless children recognize these words and phrases 
and understand what they mean they are likely to have 
difficulty in dealing with many of the problems in which 
division is needed. 

Now let us look at another group of related phrases 
which children meet in everyday life and when learning 
arithmetic. 

We, as teachers, know that the symbol *$’ can be 
expressed in a variety of phrases such as : three-quarters 
(or three-fourths); three divided by four; three out of 
four; in the ratio of three to four. But we also know that 
each of these phrases represents a slightly different idea. 
These ideas can perhaps best be seen if set down as 
diagrams (Fig. 155, next page). The last item of the 
diagram may also be expressed as 4) 3. This link between 
l and 4) 3 is needed ; n changing fractions to decimals. 

Children meet all these ideas (except perhaps ‘ratio’) 
and the phrases which indicate their use, in their arith- 
metic at the primary school. For instance, in trying to 
solve the following written problems, children need to 
see that the various phrases used all lead to the use of the 
symbol 

(i) There are 120 children* in a village. Three-quarters 
of them go to school. How many children go to 
school? 

(//) There are 120 children in a village. Three out of 
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every four go to school. How many children go to 
school? 

(iii) There are 120 children in a village. Three times as 
many go to school as do not. How many children 
go to school? 


Three-quarters of one whole 
(or three fourths) 


Three-quarters 
(of a group) 


Three out of four 



• 

• 

• 

G 

• 

• 

• 

O 

• 

• 

• 

O 


• •• o 


Three out of every four 


Three divided by four 
(or a quarter of three) 



whole whole whole 


FIGURE 1 55. — The meanings of 4 


(iv) There are 120 children in a village. Thirty of these 
children do not go tc school. What fraction of the 
children go to school? 

(v) Three bars of chocolate are shared between four 
children. How much dp they each receive? 

It is interesting to note that the solving of these, and 
similar examples, does not require the use of any of the 
rules (about ‘L.C.M.s’, ‘cancelling’, ‘turning upside 
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down and multiplying’, etc.) commonly given for the 
working of fractions. Many children can apply such 
rules to examples which are apparently more difficult. 
Yet they cannot do these simple problems. This is 
because they do not understand the meaning of the 
phrases used. 



CHAPTER XXVI 


MORE ABOUT FRACTIONS 

The work and activities described in Chapter XXII are mainly 
concerned with helping children to understand what fractions 
are. It shows how fractions may be thought of in ‘families’, and 
how it is possible to change one kind of fraction for another 
(equivalence). The children are also expected, at that stage, to 
learn how to find the simple fractional parts of money and 
various measures; and how to deal with easy calculations in 
addition, subtraction, and multiplication. 

In going on to further work with fractions, in the primary 
school, it is well to think again about the scope of the work. In 
Chapter XXII it is strongly suggested that the primary school is 
not the place for dealing with difficult and involved fractions; 
that we should deal mainly with the fractions commonly met in 
everyday life and business. If this work is understood and well 
practised, then those primary school children who go on to 
study mathematics at the secondary level will have a good 
foundation on which to build. 

A — Further work in addition of fractions 

There are no new ideas to be learnt in ‘addition’, but children 
may practise more difficult examples. For instance, they may 
add together more than two fractions, such as, (i) i + £ + 

(//) f + -5 + to- This is also the stage when the teacher may 
introduce the words numerator and denominator, and the 
phrase ‘lowest common denominator’. The children are already 
familiar with the ideas. These ideas may now be connected with 
names, so that description and reference become easier.* 

* The denominator is the figure at the bottom of the fraction which gives it its 
name (Latin: nomen). It tells us into how many parts the whole has been divided. 
It therefore gives us an idea of the size 6f each part. The numerator is the figure 
at the top of the fraction. It tells us the number of these parts with which we are 
dealing. Thus, if we know the size of the part and the number of parts , we know 
the size of the complete fraction. 

When adding or subtracting fractions of different kinds, for example, i and i, 
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B Further work in subtraction of fractions 

The next stage in subtraction occurs when the mixed number 
from which we arc subtracting contains a fraction smaller than 
that in the number we are taking away: for example 3-j- - l£. * 

This stage in subtraction has been considered with whole 
numbers in Chapter XII, and in dealing with the calculation of 
measures. It is an idea with which the children are already 
familiar and it should be shown to them as such. The method of 
teaching should be the same as for the previous type of sub- 
traction example. 

But first it is wise to give the children some revision of this 
kind, referring to apparatus if necessary: 1 — 1 - 2 ,, 1 — 

* ~ To> 1 ~ A- In each case they need to think of the whole one 
in terms of the fraction they arc taking away. That is, they think 

,,f- A 1. — A 3 2 . 1 8 __ 3 3 

• 4 4 — 4> 3 3 — 35 8 8 '85 vlL. 

The ability to do this is necessary when they come to examples 
such as that already given, namely 3* — 1 3 . It is suggested that, 
when first dealing with an example of this kind, it should be set 
out in vertical form like an ordinary subtraction example. 
Children who have dealt with halfpennies and farthings 
in British coinage can do this easily. But even in other 3i - 
countries the principle is familiar to the children, if they !± 
have followed the subtraction methods outlined in — 
Chapter XII. 

The standard phrasinu and the thought processes using the 
method of subtraction known as decomposition f go like this : — 

it is necessary to change both to the same kind of fraction. There are many 
denominators common to both, but it is best to look for the lowest comnton 
denominator because fractions with small denominators are easier to deal with. 

(If children are familiar with factors, we may show that the idea depends upon 
whether there are common factors. But it is not necessary to deal with this at the 

primary stage.) , r . • . 

* We can, of course, change both numbers to improper fractions, and then 

proceed to subtract in the usual way. But this causes trouble and mis a es 

when we have to deal with large numbers (for example, 1-7J - jo*). 

t If the method of equal additions is used, four quarters arc added * 

to the fraction in the top number, and one whole is added to the unit x 
in the bottom number as shown here. j j 
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‘I cannot take three-quarters from one quarter. 

So I use one of the three units (leaving two units) and change 


it into quarters, making five quarters in all. 

Now I begin again. 2 ;■ 

Three quarters from five quarters leaves two quarters. 3 1 - 
Put the two quarters in the fractions-column of the LI 
answer. Li 


Now deal with the units. 

One from two leaves one, etc. 

The answer is If, that is 1 ^.’ 

When the children have practised this they go on 3 ± — 
to easy examples such as the one shown here, in which i— ^ — 
the £ has to be changed for f . 

Similar examples should then be worked out in horizontal 
form like this: — 

(0 2* — * =2 + f — f=i+f + f — i = l+f — f = lf = U 
(k) 3f — f = 3 -f i — f = 2 + f + f — f = 2 + £ — f = 2f 
<«0 4* - 2f - 2 + i - i = 1 4- i + * - $ = 1 f _ f = If . 

The teacher shows that the ideas are just the same as those 
used in the vertical arrangement. 

In example (/«), however, the units are subtracted before the 
fractions. 

In the next step there is again no new idea, but the children 
have to find common denominators before decomposition and 
subtraction can take place, as in this example: — 

5J-2i = 3+ i- i = 3+ *- A = 2 + ii + A- -A 

_ 9 4- as- 4 911 

— 1 1 2 12 — ^12* 

C — Further work in multiplication of fractions 
( 7 ) Multiplying a fraction by a fraction 

We help children by returning, when the occasion demands, to 
practical examples of arithmetical ideas. Most children are 
helped to understand the method and meaning of multiplying a 
fraction by a fraction if we again give them paper for folding, 
cutting, drawing and shading. 

(a) The use of the word ‘ of ’ — The children each have two equal 
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rectangles of paper. They fold and cut one of these pieces into 
halves. The teacher then writes on the blackboard of and 
says : ‘I want you to find, by folding and cutting, a half of a half.* 
The children do this, finding, by comparison with the whole, 
that a half of a half is a quarter of the whole. This is put down 
on the blackboard: £ of £ = 

Similarly by the use of folding and cutting, or by drawing and 
shading on squared-paper (see page 382), the children find, for 
example, that : — 

i of £ = £ £ of £ -= £ iof j-^rs 

i of £ — i or i i of J = | jofj=& 

( b ) The word 'of ' replaced by the multiplication sign — We should 
next remind the children of one of the interpretations of the 
multiplication sign. For example: 

2x3 may mean two lots of three; 

7x2 may mean seven lots of two ; 

6x3 pence may mean six groups of three pennies. 

Similarly, we can say that: 

7 x £ means seven of the fraction £; 
and £ x £ means a half of a quartei ; 

and £ x £ means two thirds of a quarter. 

Thus we show that, in general, they can replace the word ‘of’ by 
the multiplication sign. 

(c) Working out the answer — The examples already worked out, 
by using rectangles and squared- 

paper, are now set down again, ^ of i -= i xf = } 
using the multiplication sign as («) j of | = | * | “ | ( = ^ 
shown here. We now point out = f 

to the children that the results (v) ) off- = | x | - * 
suggest a way of getting the (''Hof* 
answers quickly. That is, by multi- 
plying the two numerators together we get the numerator 
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of the answer; and by multiplying the two denominators 
together we get the denominator of the answer. For example:— 

1 

t 


_4 
15 

\i ( $->• 

(d) Simplifying the answer — The children are already familiar 
with the idea of expressing fractions in a different form. They 
also know that, without change of value, a fraction may have its 
numerator and denominator multiplied (or divided) by the same 
number. For instance, in dealing with the 'answers’ above, the 
children can see that £ may be changed to ] by dividing the top 
and bottom by 2. Similarly, they can see that \l becomes £, if 
top and bottom are divided by 3. 

(e) Simplifying before working out — Before going further, we 
must make an important principle clear to the children. (The 
understanding of the principle is also necessary for much of the 
work done later at the secondary school level.) 

The principle may best be explained by means of definite 
examples. 

(/) Let us consider ‘6 x 5’ divided by 2. The children can obtain 
the answer ‘15’, by multiplying five by six and dividing the 
thirty so obtained by two. We can point out, however, that 
‘6 x 5’ may mean six groups of five. If these six groups are 
divided by two (that is, if we take a half of them) we have three 
groups of five, that is, 15. 

(«) An example such as ‘7 x 6’ divided by 2 may be worked m a 
slightly different way. Here we have to find a half of seven 
groups of six. Mow, a half of one group of six is three, so that if 
we treat each group of six in the same way we have seven groups 
of three , that is, twenty-one. 

(Hi) A third example such as 6 4 divided by 2 can be 


(0 i '< 1 
00 1 1 
On) \ • \ 
(iv) l' ’ * 


1 x 1 

2x2 

1 x 2 

2 x 3 
2_x 2 

3 x 5 
3_x 5 

4 x 6 
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worked in either of the two ways already described, so that the 
answer is obtained from either 3 x 4 or 6 x 2. 

From these and other similar examples the children see why 
only one of the two numbers (which arc to be multiplied to- 
gether) has to be divided, and why they may choose the most 
convenient one.* 

When this method is understood, it is possible to go on to 
show the children that, in the multiplication of fractions we can 
avoid long calculation by simplifying the example before doing 
all the multiplication. 

Let us look at example (iv) given under (c), that is: — 

A y 1 3 X 5 li _ s 

4 X 6 40^6 24 *' 

Bearing in mind the examples, such as 6 x 5 divided by 2, 
which they have just been doing, and knowing that they can 
divide the top and the bottom of a fraction by the same number, 

3x5 

the children do not find it difficult to see that - — — - can be 

4x6 

simplified before further multiplication takes place. They can 
divide both the ‘3 x 5’ and the ‘4 : 6’ by three; in the first 

case they divide the ‘3’ of the ‘3 x 5’ by three, in the second case 

they divide the ‘6’ of the ‘4 x 6' by three. So that the expression 

v — ~ becomes which, on multiplication, gives jj. 

4x6 4x2 

The example is first set down in full as: 

A . 1 X 5 - i- 

4 6 " 4 X 6 ~ 4 x 2 8 ‘ 


Later, the children are shown that the written work is reduced 
by setting down the example as: 


i 


< 6 


3x5 

4x6 


= 1 


* Children might be trained to do all this, working to rules and using the word 
‘cancer, without much understanding of what they are doing. But tins way 
invariably leads to confusion and mistakes in later work, especially when they 
go on to learn algebra in the secondary school. 
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A later step shows how division of the top and bottom of the 
fraction may be done more than once. For example: 


i 


X l = 


2x3 
3 x 4 


1 2 


1 X 1 _ . 

1x2 * 


We first divide both top and bottom by ‘2’. Then we divide both 
top and bottom by ‘3’. 


(2) Multiplying mixed numbers 

When multiplying mixed numbers it is usually necessary to 
change them to improper fractions. We can then see whether 
simplification is possible before the multiplication proceeds. For 
example: 


2ixl}-?x£ 


3 x 1 
i x i 


D — Division of fractions 

Teachers are often content to give their children a rule for the 
division of fractions, without explaining the reasons for it. 
Explaining the rule to children is admittedly difficult, but it is 
not impossible. Above all, it is important that we, as teachers, 
should understand the basic reasons for the use of the rule. The 
method of arrival at the rule may be quite clearly shown by 
carefully graded stages. 

(a) Dividing fractions by a whole number — We show, for ex- 
ample, that to divide a number by two we may find a half 
of it : — 

6 2 = * of 6 =3 

and 10 -h 2 = * of 10 = 5. 

Similarly, 8 -r 4 = £ of 8 =2 

and 12 4 = i of 12 = 3. 

In the same way, i^-2=± of* x i = i- 

(The children already know that \ x £ = \ from their work in 
multiplication.) 
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Similarly £-^2=£of£=£x£=£ 

and £^4=£of£=£x£=£. 

We are thus dealing with the sharing idea of division.* For 
example, £ -r- 2 means that we are breaking up the half into two 
equal parts, each part being equal to one quarter of the whole. 

(b) Dividing whole numbers by easy fractions (for example, £, £, 
i) — In explaining this next step we use the grouping* idea of 
division. 

An example such as 1 4- £ may be put into these words : ‘How 
many quarters in one whole?’ The answer is four. Similarly 
2 -T- £ (How many quarters in two ?) — The answer is eight. 
And 10 -t" £ (How many quarters in ten?) — The answer is forty. 
Similarly, 2 -i- £ (How many thirds in two?)— The answer is six. 
And 5 -4- £ (How many thirds in five?)— The answer is fifteen. 

When the children have dealt with many examples like this 
they can be led to see that the answer may be quickly obtained 
by multiplying the first number by the denominator of the 
fraction, for example, 5 -^ £ = 5 x 3 = 15. 

(c) Dividing a fraction by a fraction (for example, £, £, £) — The 
same idea of division by grouping is now extended to examples 
like this: £ -j- £ (‘How many quarters in a half?’) — We know 
the answer is two. But, using the previous idea, we multiply the 
half by four (the denominator of the fraction by which we are 
dividing), so that £ 4- £ = £ x 4 = 2. 

Similarly, £-:-£=£ x3 = l£ 

and £-r£ = £x3=£. 

(</) Dividing by other fractions (for example, £, £, £)— In order 
to complete the steps for understanding the rule for division of 
fractions, it is first necessary to show that the bigger the quantity 
we are dividing by , the smaller will be the answer. 

For instance, 24 — 3=8. When we double the dividing 
number we have: 24 6 = 4, and the answer is halved. If we 

increase the dividing number four times, we have: 24 12 = 2, 

and the answer is only a quarter of the first answer. Similarly, 
36 3 = 12, and 36 -r 9 = 4. (Here we have increased the 

* See pages 91-4 and 212-14 where ideas of division are discussed in detail. 
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number, by which we are dividing, by three times; so the 
answer is only one third of the first answer.) 

In the same way:— 

since 2 £ = 2 x 4 = 8 

then 2 f- \ - - y- — 4 

and I-:- J - 2 -2j). 

1 x 4 

Similarly, since \ f — — — = 2 

then i f 1 - i x f - 1 

The children are then led to see that a general rule applies: to 
divide by a fraction we turn that fraction upside-down and re- 
place the division sign by a multiplication sign. The working 
then proceeds as in multiplication examples. 

E— Summary of points to remember in teaching fractions 

1. Understanding should come before ‘rules’ are given. The 
rules may then be applied intelligently, thus reducing the 
risk of errors. 

2. In the early stages, particularly, the children should learn 
about fractions from their own practical activities. 

3. We should make sure that children understand each idea in 
turn before they are introduced to the next. 

4. We should deal mainly with the easy fractions which are in 
everyday use. 

5. The work should be carefully graded. The suggested steps in 
teaching are given in Analysis 10 (pages 454-7). 
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ANALYSIS 10 

Suggested stages and steps in the teaching of fractions 
(see Chapters XXII and XXVI) 
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Continued for Multiplication, 
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Division and Problem-type examples on pages 456-7 


II 

1 


Hs 


1 1 

7-4 

r«f 


1 * 


H« ®l*» 

1 1 

1 + 


j* 4“ 

J* 

4- + 

SJ* 

«i® 

<N rH 

n|® 

rn <N 

CM 

n ^ 

n 11 

II II 

II 

II II 

II 

II II 

■14 

| 

4® 

| 


o|® 

| 


■In 

1 

H« 


H|« 


1 


<N 


m 


Ho 


I I 

hs* 


" 1 ® "I® 

"I® Nl® 

I I 

X 3? 


+ + -> + + nlo 

«l« H|H 1 ' 

— M r4 m n (N 

ii ii ii n n ii ii 

H||» 41« 

<N Tf 

I I 

H® ®lo 


C 


Eo 

o c 
U .2 
w t> 
■g a 
g.s" 
S >> 
■ 8 - 0 ' 
0*2 

o 

V) <*-> 

c - 


Hi . w|, 

i - * 1 - «|® 

1 h|m — |N 

n rO ' H Jm 

II r*'" II ~ * H 

je, h|h HO MO .4“ 4" 

* ^ T~ H HS •!" «n j. 

ii ii ii <1 11 ®L 


H|Ci 


ii j® j" ®i® j" r ' H 4' 4 I** 

*U " - H* *1- * - <®'® ►" 

,|« ' .1 h|M |H rt|H J«, Hid '« n|« 

+ I- -f -j- 1 , , *H H- V 


U w 
A « 

*5 

VH 

•£ c 
o o 
CQ E 


^ .... j- jm «S 4 H ' ' j S? ii ii i: ii 

me ®H * 1 H *,* "I- *|- ~ <n VI vc I' 

il II II II I! Il II Ii I! Ii I! * 

Hn H' 

i- + + 4 ■»- I- + 


Mid h|» eiln n\4 h a «<■> 

f 4 ri 


h|« h|" M|M Hilo Nl® «|4 h'« 

— n]h »|N 


•>!« 

4- 


"0 43 OO 

eye 

" c 

’ w " o 
;S 8 


<G 

O 


5; 

§• §) 
§,<G >* 

to O 


O 7) 
w <D 

.s» 

82 
•a g 

c c 

2 . 

n 

^ cd v) 2! 

^ 3 « M Id •* 

i?irf>£! 

edS ^ g ~ 
3 TJ tU £ « i 

o-E c 3.2 K 

«5 « w - 

5 £ 2 *> 

w p* <*■« cd 


0 O 

4-> U 


>.E 

£t3 

‘5 § 

* 7 ! 

■S*o 

* c 


!S| 

■ u 


c ,§ S 

ofi 

7) ^ 

T3 • 

se-s 

43 <L> u 


5 3 

vs 


J=5 


■SPo d> 
v 0 5 
^ 2 

. I- TJ Cd 4-* . 

S S' 2 .20 3° 

Mihail 

>o 


■S o 
c y 
0 
& 71 
§■ cd 

2 ^ m 
,2.rSa 

•S ca S t: 00 
|c.^ac 

t ? V 


*0 

tu 

s 

I CJr ' 

Clog 

i c 


&D 

, C u.2 0 d 

i. vSi:^ 

T) ° |« 

^ 3 js a c*.h 
0 a) £ 0 u ■ 
■5£ -sif »? 
8 1 - -2 H H O 

K 00 Ov 



ANALYSIS 10 {continued from preceding pages.) 






gig. -S' 

** u E " 
u #,o « 

e-S 

2 E H i"'2^ri 

2 c/i »f3 ♦*• i/j 

«^o.g 
c w3 
« c ~~ 

5 E ^ -2 © 

3 >2,2, g ° 

-1 . .20 
i* »r? rr -C n 
R G O O ^ " LJ 

Jr oogy 

0^3 45 -SyC 


« •g’g « s 

0 ^ u -i > 
■o OS' 0 - 
^ o§S2 

« ° * S 2 

— u > ~ 

«-• * A) QJ .n = 

JC t^t3 3 O w 

:£-s 

i-l S 85-2 

i^so-a 

g>o .S3 2 

1 jC 0= 43 q c 

!-2?-2?5 i 


* -o a x 

1 C3'5 

• 2 •8 2? 

> “gS 

m U ** W) 

: 2,2.5 

? Sfc'S 

> ^ee 

: >« S 

2 . |o|: 

C 1 * V5 _ 

2 « c 
:o£ <j o 
“■.£? a<i: 


§£<2 

.5 5*8 

ft* - 

. <D 

c-gg 

^.|.S§ 

■§>3« 

3 0-g 6 

a? g| 


W)T> 
G w 

li- 

i*i- 


Tt *L«'- 
■!«••'« CN "1 «1 


H|«M|«n|« h|««I«»N _c ^ t 

•i- -i- -i- -i- -i- -i- 

M(NM m m ro -*-■ *> ' 


g-gc 

So" 

2*e 

OB g 

q ^ j/3 

i> aj 

p'I'I 

i: 39 

H w 


« ,w'g 

? ^6 * 
oj JC 
OJ «u *5 

C, t3 q 


•3* C Z 

<-SE5 


«v 

c M - 
t<~,w 

5/1 O’E, 

*>>E 

5 5 c3 

g * £ T " 1 

G -gu •* : 
■3.^0 

sg. 1 - 11 

o«“ N 10 

g€S x x 

“ m£ m m 

'K II 

O o ^ II 

C&g •*• 

O 3 > y 
■3« J x 

gg« *- 

11.2 
o3 E ~ 

uigg 


f/i rrt 
0> 

a ,-g 
£82 
«B,| 

^ M O. 

E 

•2 2 S 

i'c “ 
t-Eo 

£ rt M 

•§^.s 

. D.^ 

u-i .ir u 

O *; O 


!! I! II 

m m m 

X X X 

rs Kl wvo Tt N 


>6 >> >6 
.0.0.0 


>,>»>* 
JO O .D 


-a T 3 -O T3 T3 T3 

1» o t» O 4> « 
TJ U ”0 |0 T3 

•3 ’S *5 *0 T3 T3 

r^mr^'iOOsr f > 

X X X X X X 

(SrJ'n'n't oo 


03 rj 
o in X ^ 


in vo <N On 
X X X X 

tn rf m 


So 

Ifl * 

(A 


O W) 

01 

'E..E 


E^ 


s§ 

<u > 


0 0 E 

! !l 

X si t 

+* 0 

! *!• 



o-SS: 

\ n'f 


c 

i 5Xi 

to y 




A T3 

^ r. C 


a-c 
8^ C - 
y D< k 

fSo 

hi/13 


similar examples. 

(5) Multiplying mixed numbers. 



SOMETHING TO THINK ABOUT — 14 
(The metric system) 


From time to time in the history of most countries it 
has become necessary to standardize the units of 
measure in common use. For example, because various 
trades were adding different amounts to the original 
hundred-pound weight (the hundredweight) it became 
necessary to standardize its value at 112 lb. 

The people of France found similar difficulties in the 
eighteenth century, but, instead of standardizing the 
units in common use, they decided to introduce a 
completely new set of units. In 1792 they adopted a 
system of units based on one standard unit, the metre. 
This was originally defined as lT ,. 00 1 0 . 00 o of a quarter 
of the great circle on the earth which passes through 
Paris and the North and South poles. From this unit 
of length they worked out units of area, volume, 
capacity and weight. The smaller and larger units for 
length were so arranged that each unit was ten times the 
next smaller unit, likewise for the other measures. In 
this way it was claimed that, because of the decimal 
nature of such an arrangement, calculations would be 
made easier. The people of France were instructed by 
law to use these units in place of those used formerly. 
This system of units is called the metric system. 

Some people claim that it would be helpful if the 
metric system were used by all countries, but so far only 
some have adopted it. Others use it, side by side with 
their own systems of units, for scientific measurements. 

Chapter XXVII is written for teachers in countries 
which do not use the metric system for all everyday 
purposes. If you live in a country where the metric 
system is the common one, you may have to teach just 
a little about some other system. By comparison, this 
chapter may suggest the extent of such work. 



CHAPTER XXVII 


THE METRIC SYSTEM 

A knowledge of the common units of the metric system is 
necessary in studying science. It is also helpful when reading 
about world aflairs. For instance, measurements in international 
sports are given in metric units. In the Olympic Games, for 
example, there are races over distances of one hundred, four 
hundred, eight hundred, fifteen hundred metres, etc. 

It is not suggested that children in primary schools should 
learn about all the units of the metric system and their relation- 
ships. Nevertheless, they may well be introduced to the more 
common units, and get some idea of their size. It is not neces- 
sary, at this stage, that children should learn the exact relation- 
ship between their own common units and those of the metric 
system. It is sufficient, for example, if they know that a metre is 
a little longer than a yard (about thirty-nine inches). It is un- 
necessary and unwise to make them learn that 1 metre = 39-37 
inches. Similarly, it is quite enough if they learn, through their 
experiences, that a kilogram (kilogramme) is just over two 
pounds. 

The various units should be introduced in the same way as 
those discussed earlier in this book. The children get to know 
the metric units through ictual measurement and estimation, 
through establishing the relationships between the various units, 
and through making simple calculations (see Chapters X and 
XVII-XXI). 

(7) Length 

Children are often interested in the origin and history of the 
metric system, and this sometimes makes a good intioduction. 
The original definition of the. metre has little meaning for 
children in terms of an actual length, but they may like to have 
it as an interesting piece of information. The metre becomes real 
to them, however, only when they handle a metre-length of 
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cane, wood, etc. They may then estimate its length roughly in 
terms of the units of length which they normally use. For 
example, they see that a metre is about three feet or one yard. 
Using their own foot-rulers they can measure the metre more 
exactly. They find, for example, that it is just over thirty-nine 
inches, that is, about a yard and three inches. This is the only 
information about the equivalence of the yard and the metre 
that most children need. It enables them to change metre 
lengths to their own units. For example, a hundred metres race 
can then be thought of as ‘just over a hundred yards’. (To be a 
little more exact, a hundred yards plus a hundred ‘three-inches’. 
That is, about one hundred and nine yards.) 

The kilometre is introduced by reference to longer distances. 
Maps and descriptions of journeys, in which distances are given 
in this unit, are useful at this stage. Again the children may 
work out how their own unit of distance corresponds with the 
kilometre. For example, taking a metre as 1-r* yards (that is, 
thirty-nine inches), a kilometre is approximately 1,084 yards, 
which again is about five-eighths of a mile (£ mile = 220 yds., 
| mile = 1,100 yds.). 

This knowledge helps to give meaning, for example, to dis- 
cussion of a race over ten thousand metres (ten kilometres). The 
distance may be thought of as 10 x | miles, that is, about six 
and a quarter miles. 

Children who are likely to go on to a further study of science 
should be introduced to the smaller units of length. Metre sticks 
divided into a hundred equal parts should be provided and be 
used by the children to measure lengths in metres and centi- 
metres (to the nearest centimetre). The reason for the name 
centimetre should be discussed, and the proper abbreviations 
should be used when writing down the measurements. 

For measuring short lengths the children find that the centi- 
metre is too big a unit. So the millimetre* is introduced to give 
greater accuracy. Metre ‘sticks’, divided into centimetres and 
millimetres, are shown to the children. They see that each 
centimetre is divided into ten equal parts, the whole stick being 
* From the French word 'mille '— a thousand. 
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divided into one thousand equal parts. Thus, each of these parts 
is a thousandth of a metre, that is, a millimetre. The children 
now measure lengths in centimetres and millimetres, using 
rulers. The results are written down in centimetres and milli- 
metres (for example, ‘7 cm., 6 mm.’) or in decimal form (for 
example, ‘7-6 cm.’). 

It is a useful exercise for the children to work out how the 
centimetre corresponds to the unit which they themselves 
normally use for measuring short lengths. For example, by 
drawing a line four inches long, and measuring it in centimetres, 
they find that one inch is just over two and a half centimetres. 

By the end of this work on length the children should know: — 


1 metre (m.) 

1 metre (m.) 

1 centimetre (cm.) 
1,000 metres (m.) 

1 metre 
1 kilometre 
1 inch 


— 100 centimetres (cm.) 

^ 1 ,000 millimetres (mm.) 
=- 10 millimetres (mm.) 

— 1 Kilometre ( Km.) 

^ 39 inches* 

= 2 = | mile 

= 2 = 2\ centimetres. 


(2) Area 

If children understand the idea of area they should be able to 
deal confidently with the calculation of any areas they may have 
to find when using metric units. They may have to find areas in 
square centimetres in their science lessons but the need to use 
other units is unlikely to prise. 


(S) Volume and capacity 

In science cubic centimetres and litres are the usual measures of 
volume and capacity. Misunderstandings and absurd answers 
may be avoided if children, from the beginning, have the right 
idea of the size of these units. 

They know how to find volume in their own everyday u . 
When it becomes necessary to find volumes in cubic centi- 
metres the children should be shown or, better still, they should 
"number of cubic centimetre. They may do th.s b, 

• The symbol means ‘equals approximately . 

y 
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cutting off one-centimetre lengths from a piece of wood of one 
centimetre square section (Fig. 156 (a)); or, they may cut the 



(b) 


FIGURE 1 56.— The cubic centimetre : (a) One centimetre cube (that is, one c.c. 
cut from rod of section one centimetre square. ( b ) A shape for making a cube 
(one c.c.) from paper. The flaps, shown by dotted lines, may be turned over the 
edges and pasted to hold the cube together 


appropriate shape from paper and paste it together in the form 
of a cube (Fig. 156 ( b )). These cubes help children to under- 
stand what is meant by a cubic centimetre, and they may be 
compared with other units of volume such as the cubic inch. 

Some of the paper cubes should be made 
with only five sides so that they may be used as 
little vessels to be filled with water or sand. 
Using these as measures it is possible to measure 
out small quantities of liquid, or to measure the 
capacities of small containers. The slowness of 
this measuring, using a cubic centimetre, helps 
the children to see the need for a container 
which is marked to show the number of cubic 
centimetres it holds at various levels (Fig. 157). 
They see, too, why a narrow container is better 
than a wide one to give accurate measurements 
of capacity. 

figure 157 . If possible a graduated measure of this kind 

—A measuring should be provided for the children’s use. 
cylinder _ . . ' 

Through finding the capacities of various tins, 

cups, jars, etc., they begin to get some idea of the ‘size’, for 

example, of ‘50 c.c.’ of water. When they actually see it, the 
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‘50 c.c.’ becomes more than an abstract number. To measure a 
pint, and other common measures, of water in cubic centimetres 
is an exercise which provides helpful comparisons. 

The need for a larger unit than the cubic centimetre arises 
when large quantities of liquids are to be measured. ‘A thousand 
cubic centimetres* may sound a large amount to the children, 
but when they are shown a litre in the form of a cube, of side 
10 cm., they realize that it is not a very big unit. They may 
compare a litre measure with one made to hold another unit 
amount, such as a pint. For example, on looking at litre and pint 
measures they see that the litre is the larger. By filling the pint 
measure with water or sand, and emptying it into the litre 
measure until it is full, they find that a litre is about one and 
three-quarters of a pint. (This result may be compared with that 
obtained when measuring a pint of water in cubic centimetres.) 

The children may find the capacity of various kinds of con- 
tainers by using a litre measure and a vessel graduated in cubic 
centimetres. They may also measure out required quantities of 
liquids. 

The results of such activities should be written not only 
in litres and cubic centimetres, but also in the units which 
the children normally use. (These need only be rough ap- 
proximations.) 

Through these simple activities the children gain a clear idea 
of the size of the units, and learn that : — 

1 litre = 1,000 cubic centimetres (c.c.)* 

1 litre === 1 1 pints. 


( 4 ) Weight 


The open paper cube (one cubic centimetre), made when dealing 
with capacity, may be used to introduce the metric unit of 
weight. The weight of tne cold water required to fill one of these 
cubes (if it were exactly one cubic centimetre) is called one 
gram (gramme). (It is wise to emphasize that the water must be 


• This was originally true by definition. The definition of the litre has been 
changed, however, so that this is no longer strictly true (1 litre = 1,000 milli- 
litres = 1,000*028 c.c.). The difference is so small that it may be ignored for 
everyday purposes. 
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cold, since the definition of the gram weight is: ‘the weight of 
one cubic centimetre of water at a temperature of 4° C\ A more 
detailed explanation of why this particular temperature is 
chosen should be left until the children learn, in their science 
lessons, about the variation of density with changes of 
temperature.) 

We go on to point out that weighing by means of water is 
neither convenient nor easy ! So, instead of a cubic centimetre 
of water, we usually use a piece of metal of the same weight ( not 
size). Some one-gram weights should be available for the 
children to handle, and to use in the weighing of various small 
articles. Five, ten, twenty, fifty and one-hundred gram weights 
should also be available, in order to avoid the use of a large 
number of gram weights. 

The children see that even the hundred-gram weight is not 
very ‘heavy’. They find, for example, that it takes more than 
four hundred-gram weights to balance a pound weight. The 
need for a larger unit leads us to the kilogram (kilogramme) 
weight, a thousand grams. At least one such kilogram weight 
should be available for the children to handle. Otherwise, as 
with all the other units, it is almost impossible for them to gain 
any real idea of the kilogram. 

Larger objects may now be weighed in kilograms and grams. 
The kilogram itself may be weighed in the units in common use, 
and d rough equivalent may be worked out. For example, a 
kilogram is just a little more than two pounds and three ounces, 
or about two and one-fifth of a pound. A rough guide of this 
kind helps children to make quick comparisons of weights 
given in metric units with those stated in the units they commonly 
use. 

Weights may be written down as kilograms and grams, or as 
kilograms with decimal parts. By writing down the weights in 
these two ways, from the early stages, children begin to see that 
the metric units form a ‘systerq’ based on decimals. 

(5) Adoption of the metric system 

It is claimed that, in any country, replacement of other units by 
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the metric system makes calculations in commerce, industry and 
science much easier. Similarly, it is said that the learning of 
arithmetic, including money and measures, becomes much 
easier for children in schools. 

In such a change, however, there are difficulties. In many 
countries the everyday units have a long history. Many of them 
are ‘natural’ units, and have their origins and continued use in 
the ordinary lives and work of the people. Moreover, people 
find it difficult to give up the old familiar units and accept new 
ones which they do not understand. It seems inevitable that, 
where new units are officially introduced by law, the old units 
continue to be used for many years in the everyday affairs of 
the people. 

Schools must surely play a large part in making such a change 
effective. But it is not enough merely to make the children learn 
a new table of ‘facts’. It is more important than ever that they 
should be given regular practical experience with the new units. 
They must see, handle and use actual metre rulers, and get to 
know local distances in kilometres. They must handle and use 
gram and kilogram weights. Above all, they must use metric 
‘money’ in the class-room ‘shop’. Activities of this kind are 
essential for understanding and to bring familiarity with the 
new units, because for a long time, outside the school, grown- 
ups will go on working and thinking in terms of the old units. 



CHAPTER XXVIII 


PROVIDING EQUIPMENT AND 
MAKING APPARATUS 

A — The need 

We help children’s understanding by providing them with the 
experiences which give meaning to the particular work they are 
doing. Sometimes it is enough to remind them of the things and 
happenings in their homes and surroundings. Often, however, 
the experience must be more immediate and direct. For this 
reason it is vital that teaching apparatus and equipment should 
be available in the class room at the moment they are needed. 

It must be emphasized, however, that the use of apparatus 
does not in itself lead to success. The materials and devices 
described in this book are only aids to learning and aids to teach- 
ing. Their importance and value depend on the teacher, on the 
way he uses them, and on friendly relationship between himself 
and the individual child. 

The best apparatus is usually that which is easy to make and 
to use. Complicated devices, difficult to handle and understand, 
are not much use to a young child (they may even confuse him), 
no matter how interesting they may be for grown-ups to make. 

It is advisable to consider each piece of apparatus in view of 
the requirements of a particular class or an individual child. 
Many of the pieces described in this book may have to be 
adapted to particular needs. For example, apparatus for show- 
ing the relationship between units of money, and other mea- 
sures, are useless unless they are adapted for the units used 
locally. Sometimes, of course, the teacher may invent something 
more suitable for his own class, because he knows the children 
and the environment in which they live. 

B — Difficulties 

When first we begin to teach it often seems a difficult task to get 
all the apparatus and material we want in order to do the work 
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properly. It seems impossible if the class is large and the amount 
of time and money available is small. This is understandable, 
but we should not be discouraged. If we begin at once to make 
a few necessary items and make sure they are properly stored, 
we soon find that our stock ‘grows’. After two or three years it 
becomes quite big. Again, we should get the older children in 
the school to help, particularly in making the easier apparatus: 
for example, in cutting and marking out sets of flash-cards or 
practice-cards. 

We should be sure, when making sets of apparatus, to make 
a few more than are necessary for the children in the present 
class. This saves any inconvenience when bits of apparatus are 
lost or broken, or when the size of the class increases. 

Apparatus should be attractive to children (colourful, if pos- 
sible) so that they like to handle it and are keen to use it. As far 
as possible it should also be self-explanatory and self-corrective, 
so that children may use it advantageously, without the direct 
supervision of the teacher. 

C — Materials 


(1) Materials for general use 

Very few schools can afford to buy all the material they need, but 
teachers who are alive to the possibilities may make excellent use 
of much ‘scrap’ material. A resourceful teacher collects material, 
and encourages his children to do so, from all kinds of sources. 


For example: — 

(i) We may approach government departments for the gift or 
loan of maps, other geographical inforination, mechanical scrap, 
paper waste, small timber off-cuts, and so on. We should also 

<m we "t"to Sow teachers a. the nearest secondary 
school. They ran sometimes lend apparatus to illustrate various 

{wi n We t0 ra‘!! e get li om l Mies and friends, and the families of our 
cMdren tS collect empty cardboard packets, tins, newspapers. 


(M We may be able to get containers, off-cuts, scrap of all kmds, 
from friendly traders, builders, etc. 
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By getting the goodwill of our community, we may thus col- 
lect a great deal of material for use in the arithmetic lesson and 
for making suitable apparatus. 

Here are a few tips regarding particular items: — 

(a) Scrap cardboard may be painted over, or have white paper 
pasted on it. 

(b) When large sheets of thick paper are not available for wall 
charts, etc., several sheets of ordinary newspaper may be pasted 
together and then painted over to give a clean surface. 

(c) The covers of old exercise books are sometimes useful, 
since they are usually stiffer than ordinary writing paper. 

( d ) Paste may be made by mixing water and any starchy 
powder. The paste should be smooth and free from lumps. In 
some areas it is possible to use the gum from certain trees to act 
as an adhesive. Gum is usually better than paste, particularly in 
a humid region. In most tropical areas where there is a hot wet 
season, paper and cardboard apparatus need frequent replace- 
ment unless they are varnished to keep out moisture and prevent 
insect attacks. 

( e ) Suitable wood may sometimes be obtained from packing 
cases and crates, since it is usually thin and may be cut easily. 
Straight branches from trees or bushes may also be useful. 

(/) The list in Appendix A, page 487, suggests materials which 
may usefully be kept in store for use as occasion arises. 

(2) Materials for special use 

Some cardboard, and various kinds of paper, usually have to be 
bought. It is important to gather as much information as pos- 
sible about this material before ordering it, if waste and unneces- 
sary expense are to be avoided, because manufacturers in various 
parts of the world have many names for the different kinds of 
card and paper. The thickness of card, for example, is sometimes 
indicated by the weight of a number of standard cards pui 
together. Sometimes the thickness is indicated by the word 
‘sheet’. ‘Eight sheet’ card, for example, is about one-thirtieth of 
an inch thick. 

Moreover, the sizes in which card and paper may be bought 
vary from place to place and according to the kind of material. 
It is important to know the sizes, because the size of a large 
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piece of card determines the size and number of the pieces of 
apparatus which may be made from it. Thus, unless we are 
careful, we may quite easily waste a lot of material. 

As an example, some information about card and paper 
manufactured in Great Britain is given in Appendix B, page 489. 
This shows that it is advisable to ask for information from 
dealers, and if possible to get samples for inspection before 
making an order. 


D — Storage 

This is quite a problem, particularly in areas where the climate 
tends to cause rapid decay of materials. It is wise to keep 
material which is not in frequent use (for example, pieces of 
apparatus used from time to time for demonstration) in a closed 
cupboard. If no cupboard space is available, it should be pro- 
tected as far as possible (for example, by wrapping in news- 
paper). Other material, such as flash-cards, which the children 
use from day to day for their own incidental learning, should be 
kept in strong envelopes or boxes clearly labelled to show the 
contents. The children should be given full details, so that they 
know not only where to go in order to get the apparatus they 
need but also where to put it when they have finished. 

Bits of apparatus are sometimes mislaid or dropped on the 
floor. It is useful to have a ‘lost-property box’ on the teacher’s 
desk. Any ‘lost’ piece is put in the box and later put back (by a 
monitor) into the proper envelope or box. 

E - Some further details of apparatus 

(a) Number-slides — These may be made in the following lengths 
for different purposes: ten, twelve, twenty and twenty-four 
inches. Construction is easy and the same in each case. 

(0 Fig. 16, page 34. For the TO’ number-slide a piece of 
fairly thick cardboard, 10 by 3g inches, is cut out. Two strips, 
1 0 by 1 inches, are cut out and pasted along the outside edges of 
the first piece (Fig. 158(c)), thus leaving a groove, li inches 
wide, down the middle. One side is marked off and numbered 
as shown. We then cut eleven strips, each one inch wide, in the 
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following lengths: 10, 9, 8, 7, 6; two of 5; 4, 3, 2, 1 inches. (The 
quickest way to do this is to take a piece of cardboard 10 by 6 



FIGURE 158. — The MO* number-slide: (a) The slide. (6) A quick method 
of making the unmarked strips 


inches and mark it out as in Fig. 158(6).) The strips are neither 
marked nor numbered. 

(//) Fig. 24, page 44. In this case the strips for the ‘10’ 
number-slide are numbered to show their lengths. 

(Hi) Fig. 56, page 106. The ‘24’ slide is provided with a 
‘runner’ to cover up numbers not wanted. (Thus, a child may 
work out a division example such as ‘17 -r- 3’ by measuring off 
a ‘three’ strip as far as the number ‘17’, and find that it goes five 
times with two over.) The runner is made of thick paper. This 
is folded along the dotted lines (Fig. 159) and wrapped around 
the number-slide. The shaded portion is then gummed down. 
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FIGURE 159. — Making a ‘runner’ for a number-slide. (The paper strip is 
wrapped round the slide and the shaded part gummed down) 

(b) Number-tops (Fig. 26, page 45) — A circle of radius two 
inches is drawn on light-coloured cardboard. Round the cir- 
cumference six points, two inches apart, are marked off, that is, 
using the same radius. These points are joined to form a regular 
hexagon. The shape is cut out and marked as in Fig. 160. A short 
pointed stick is pushed exactly through the centre of the hexagon. 




FIGURE 160.— Making a number-top 


Glue is applied at the centre to keep the stick upright and rigid. 
Several number-tops should be made, and the sections numbered 
so that, in playing a game, children may cover all the primary 

facts 

(c) The fishing game (Fig. 27. page 46)-This may be used at 
various stages. For instance (see Fig. 161). 


(i) The ‘fish’ caught are used as objects for counting. 
(«) The ‘fish’ are marked with number-patterns 

recognized. 


to be 
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(///) The ‘fish’ are marked with figures to be recognized. 

(iv) The ‘fish’ have incomplete number ‘facts’ on them. (When 
the fish are ‘hooked’ they have to be ‘landed’ by putting 



FIGURE 161. — Various ‘fish’ for the ‘fishing game 


them on the appropriate number. For example, a fish 
marked ‘4x3=’ must be ‘landed’ on a spot, on the floor, 
or table, marked ‘12’.) 

(v) The ‘fish’ are marked with weights in pounds and ounces. 

A steel paper-clip is attached to each fish (cut out of paper) 
which is placed in a box or on the floor. The children, in groups 
of two or three, each have a line to which a small horseshoe 
magnet is attached. They try to catch a fish by attraction of a 
clip to the magnet. Each time they catch fish they write in their 
books. If we have no magnets and cannot borrow them from 
science teachers at a nearby secondary school, the game may 
still be played. Hooks (or bent wire) are put on the lines. One of 
the children sits under the table and hooks fish on to the lines 
of children waiting above. 

(d) Flash-cards (Fig. 34, page 60; Fig. 38, page 73; etc.)— 
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Suitable sizes, as already recommended, are 3 by 2 inches (for 
children s use in individual and group activities) and 8 by 4 
inches (for teacher’s use in demonstrations and class games). 
One corner (the same one in each case) is cut off each card. They 
are then easy to stack so that all the question sides, or all the 
answer sides, are uppermost. This saves much time in arrange- 
ment, and often avoids the spoiling of a game. 

It is suggested that, when a set of flash-cards is being prepared, 
dll the question sides be written first, and then all the answer 
sides. There is then much less risk of confusion. 

(e) The ‘ division train ’ (Fig. 49, page 96)— The method of con- 
struction is similar to that of the number-slides. In fact a 
separate apparatus is not essential, as the ‘24’-slide may be used 
for the purpose. 

(/) A pair of scales — Four pieces of wood A, B, C and D, are cut 
to the sizes shown in Fig. 162(a). A hole is made one inch from 



FIGURE 162. — An easily-made pair of scales 


one end of A, to carry a nail or bolt. A similar hole is made in B. 
Also a hole is made at the middle point of piece D. A, C and B 
are glued, nailed or screwed together to form the pillar, as 
shown, and this is fastened firmly into a heavy wooden base (at 
least six inches square). The beam, D, is then pivoted on a nail 
or bolt. Tin-lids, about four inches in diameter, are used as 
scale-pans. Each is held by three strings through holes in the 
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edge. Loops of string are used to hang the pans on the beam, 
small grooves being cut at X and Y to keep them in position. 
The beam is then balanced by shaving off a little of the wood at 
the heavier end. Fig. 162(Z>) shows the complete apparatus. 

(g) Clock-faces (Fig. 80, page 139) — This piece of apparatus 
should be big enough for the whole class to see at the same time. 
The rectangle of strong white cardboard is about two feet by 
sixteen inches. The large clock face, showing the minute posi- 
tions painted in black, has a diameter of about one foot. The 
smaller clock face, showing only the hours, is a detachable circle 
and has a diameter of about nine inches. A small nut and bolt 
hold the fingers in position. A wing-nut is most suitable as it 
enables the small face to be detached more quickly. 

( h ) The place-value slide (Figs. 91 and 140, pages 195 and 404) — 
This is also used in connexion with decimals, and for demon- 
strating quick methods of multiplication and division by ten and 
a hundred. 

It is very similar in construction to the number-slides. It con- 
sists of four pieces of thick cardboard : — 

21' x 6' Base 

21' x 2" Strip A 

21" x 3" Strip B 

21" x 1' Strip C. 

Strips A and C are stuck on to the base, leaving a groove along 
which strip B may slide. The apparatus is marked as in Fig. 163. 



FIGURE 1 63. — ‘ The place-value slide. (The head of a nail or sorew 
represents the decimal point) 


A slit is cut in strip B along its length to a point about an inch 
from each end. A nail or screw is driven through the slit and into 
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the base, so that its head acts as a decimal point between the 
units and the tenths. 

When the slide is used for ordinary numbers, as described in 
Chapter XIII, a piece of paperis folded round theslide tocover 
up the decimal places and point. 

These examples are sufficient to show that, with care, appara- 
tus may be made simply and cheaply. 



CHAPTER XXIX 


ORGANIZATION, TESTING AND MARKING 

In some places schools are required to follow a scheme of work 
laid down by a central authority. In other areas, head teachers 
and their staffs are responsible for deciding and planning the 
nature and extent of the arithmetic work. 

A — Planning for the w hole school 
It is suggested that a head teacher who is planning his own 
arithmetic schemes should keep in mind the following points: — 

(a) It is best, first of all, to decide upon the desirable minimum 
standard to be attained by the majority of his pupils by the time 
they leave the primary school. In other words, he asks himself : — 

(/) ‘What arithmetic do they need to know in order to live full, 
happy lives, and in view of their future work, careers, or 
study?’ 

(/■/) ‘What arithmetic can I properly expect most of my boys 
and girls to learn during the years they are with me?’ 

The answers to these two questions should be written down in 
detail. 

(b) Some of the children whose abilities are above average 
may go on to further studies in mathematics and science. These 
probably need more arithmetic than the minimum. This ‘extra’ 
work should extend and enrich their mathematical thinking, and 
not merely give them more practice at mechanical examples which 
they are already capable of doing. Moreover, it should be given 
at each stage of their progress through the primary school, not 
only in the final year. 

(c) Some children, on the other hand, may be unable to 
achieve the desirable minimum. Their ability is such that less 
can be expected of them and thejr progress is necessarily slower. 

(d) Each teacher should try to find out about the range of 
ability in his class, so that he can take steps to organize work to 
suit the different children. In some larger schools it is possible 
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to ‘stream’ the classes, so as to keep the able, the average, and 
the less able members of any particular age-group in separate 
classes. Each class works at a different level and at a different 
pace. When such ‘streaming’ takes suitable account of ability in 
arithmetic there is no problem : all the children in a class are able 
to work at much the same level and rate. But, if arithmetic plays 
a comparatively small part in the ‘streaming’, some children 
may be in a class unsuited to their ability or attainment in the 
subject. Some head teachers have attempted to provide for this 
in the upper parts of the school by organizing arithmetic ‘sets’. 
The arithmetic period is arranged at the same time for all classes, 
and children go to their particular arithmetic ‘set’, which may be 
higher or lower than their own class. Thus a twelve-year-old 
child may go to an arithmetic ‘set’ in which most of the children 
are ten years old. Similarly, a ten-year-old may be doing mathe- 


matics at a higher level with older children. In the same way, 
each class of a single-stream school may be arranged in ‘sets’. 

(e) In deciding on the extent of the work to be expected from 
each year-group, the head teacher should bear in mind not only 
the number of his teachers but the quality of each as a teacher 
of arithmetic. Thus he may rightly decide to increase the extent 
of the arithmetic to be covered in one class, while limiting certain 
topics in those with teachers who are less interested or mathe- 
matically less able. He has to ensure, of course, that as lar as 
possible there is no undesirable gap in the arithmetic syllabus 
for the school as a whoK If a child does less arithmetic in one 

year, he must make it up in the next. 

(f) In deciding what arithmetic is to be covered and the 
methods by which it is to be taught, it is essential to 'Study the 
surroundings of the children's homes and the school The 
children in a school in a town or in an industrial area ha 
different needs from those in a rural area. The ^ ft 

need is different, and many of the ways ,n which they learn 

m ( y g ) a n°ifw"onsul. all teachers in the school when a 
syllabus is being planned, so that each may know his i owndaa . s 
part in the general scheme. Discussion meetings should also 
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arranged regularly throughout the year so that methods may be 
standardized. Teachers who have special qualifications or par- 
ticular interests in arithmetic can be invited to put forward their 
ideas for general discussion. 

( h ) It is unwise to base the planning upon the use of one par- 
ticular text-book throughout the school. The syllabus then 
depends upon the contents of the text-book. This is unsatis- 
factory because it takes little account of the special circumstances 
and needs of the school. Though the text-book may be well 
written and eventually necessary for the scheme, it has probably 
been written by somebody with no knowledge of the surround- 
ings of the school or of the children. A better plan is to decide 
upon the work to be covered, and then to look for text-books to 
help the scheme to be carried out successfully. Sometimes it may 
be necessary to use various text-books, each of which is useful 
at particular stages in the scheme. 

(j) When planning that part of the scheme which is applicable 
to the very young children, it is probably best to think of a pro- 
gramme of activities rather than of a fixed amount of arithmetic 
to be learned. The most important thing at this stage is that the 
children’s attitude to number work should be healthy. This 
means that they should enjoy their activities with numbers and 
want to find out more about them. The right attitude will have 
a far-reaching influence on their later development in arithmetic. 
This does not suggest, of course, that the early work need not be 
planned. Indeed, it is necessary to prepare very carefully, in 
order to give these young children all kinds of number experi- 
ence, as described earlier in this book. 

B — Class-room organization by the teacher 
When the teacher receives the scheme designed for his own class, 
he has the freedom and responsibility of carrying out the work 
in his own way. But, again, there are many considerations which 
he should keep in mind. 

(a) The work fits into a plan for the whole school. Methods 
should be agreed upon, so that children are notconfused because 
one teacher uses a different method from another. 
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(b) As far as possible, it must be arranged that children work at 
a level and at a rate suited to their ability. In this way they are 
likely to achieve success and make continuous progress. 

This means that the teacher may have to organize perhaps 
three or four groups of children, each group doing different 
work. Teaching time is then given to each of the groups accord- 
ing to their particular needs. 

A teacher sometimes finds it possible to arrange parts of the 
scheme so that children can work individually at their own level 
and pace. This is particularly valuable when they are practising 
mechanical processes, since they can mark and correct their own 
work, allowing the teacher to give more attention to those 
children who are having difficulty. 
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In an individual scheme of this kind the work should be 
graded carefully into stages and steps (such as those outlined in 
the various Analyses in this book). Cards of exercises are pre- 
pared for each stage and step. One side of a card shows how the 
examples should be set down and worked (see Fig. 164). The 



FIGURE 165. — Wall-pockets for storing exercise cards, etc. 


cards are put into numbered wall-pockets (Fig. 165) and the 
children work through each card in turn. When a card 'is com- 
pleted the child takes a corresponding answer-card from a wall- 
pocket in another part of the room and marks his work. He 
records his score on a wall-chart and corrects his examples where 
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necessary. When in difficulties he informs the teacher, who 
attends to him as soon as possible. 

When properly organized the individual scheme works well, 
but there are some disadvantages : — 


(i) It cannot cover adequately all the arithmetic needed in the 
primary school. It should be reserved mainly for practice. 

(h) It tends to make the arithmetic too formal. The value of 
group and class working may be lost. Much group discussion of 
arithmetical ideas is necessary if children are to understand them 
properly. 

(iii) There is a danger that the teacher may lose the stimulation 
that comes from teaching the children as a group. 


On the other hand, a well-organized individual scheme enables 
the teacher to see, at a glance, the progress of any individual 
child. It also helps every child to see the work ahead and to 


notice his own progress. 

(c) When planning, it is necessary to break up the year’s work 
into smaller amounts, to be covered each term. Many teachers 
also plan the work for each week. This may often be necessary, 
but it is a mistake to keep rigidly to a weekly plan which may 
mean trying to teach too much too quickly. Some teachers 
become inefficient (and their children fail to learn) because they 
are anxious to complete the syllabus in time. Thus they often 
go on to new work before previous steps are properly known. 
Arithmetic is a subject in which each new step depends upon a 
thorough understanding -f the earlier steps. Moreover, it should 
be remembered that a good plan for a school allows for the 
situation where a class does not complete the work arranged for 
it. Thus the plan should ensure that each new class spends a 
little time revising the work arranged for previous years before 
bringing in fresh ideas. 


C— Testing 

We should test 

check accuracy and speed, find 
where further teaching is necessary. 
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(/) Tests of mental arithmetic 

(a) Questions answered orally — The main purpose of the two or 
three minutes of quick oral questioning at the beginning of a 
lesson is to stimulate the children and prepare them for the 
thinking they have to do in the rest of the lesson. We have to 
make sure that all the children take part. 

(b) Questions answered on paper — Not more than ten to twenty 
should be given (orally) and these should be carefully planned. 
Each question should have a definite purpose, and the teacher 
should use the knowledge he gains from the results of the test. The 
purpose of a test may be: — 

(/') To check the children’s knowledge of the ‘facts’. 

(«) To find out whether details of the current work are 
understood. 

(Hi) To revise and keep fresh in the children’s minds certain 
aspects of work done in previous weeks. 

(iv) To test ability to apply knowledge to everyday situations 
in the form of simple problems stated in words. 

(v) To give the children the satisfaction and stimulation of try- 
ing to solve problems and ‘puzzles’ (see Chapter XXV). 

(v/) To give the children opportunities to use short methods of 
calculation (see pages 193-6 and 435-7). 

(vii) To test the spelling of words used in arithmetic lessons. 

These mental tests have little value unless we analyse the 
results and act upon them. As usual, the children who do well 
are encouraged, and those who do not are given extra attention. 
But much more important, and so often neglected, is the analysis 
which tells us which items are not well known and therefore 
merit further teaching. For instance, the analysis of a ten-ques- 
tion test for forty children may look like that in Fig. 166. 

This analysis takes only two minutes to work out, if the 
children indicate their correct answers by a show of hands. The 
teacher knows immediately that questions three, five and nine 
probably contain material which is not properly understood and 
known by the majority of children. Further work is needed here. 
The results of questions five and seven suggest that the ques- 
tions were badly phrased, or that some of the children had an 
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insufficient background to be able to answer properly. It is worth 
while to inspect the individual papers from time to time in order 
to obtain further information. 


Question 

Number of 

Number of 

Number 

number 

answers 

answers 

not 


correct 

wrong 

attempted 

1 

37 

3 


2 

35 

5 


3 

4 

30 

6 

4 

38 

2 


5 

10 

20 

10 

6 

37 

3 


7 

20 

12 

8 

8 

36 

4 


9 

0 

21 

19 

10 

33 

7 



FIGURE 166. -Analysis of marks in a mental arithmetic test 
(2) Written arithmetic tests 

These have similar purposes to the mental tests, but they take 
longer and are given less frequently. The type of test depends 
upon its purpose. The results may be used:— 

(/) To grade children into groups of similar ability at the begin- 
ning of the year. Here the test should contain examples of all the 
arithmetic the children are expected to have covered. 

(«) To find out what steps in a particular process have been 
missed or are not known. This is called a diagnostic test because 
the results should give a diagnosis of the difficulties of individual 
children. These tests mu-t be very carefully compiled and very 
carefully marked. It is suggested that teachers should use 
examples similar to those given in graded order in the Analyses 
for each of the processes (Chapters XI to XIV). An examination 
of the mistakes should indicate the stage at which children are 
going wrong and show the nature of the errors. 

D — Marking and corrections 

It is suggested above that children may mark their own examples 
in an individual scheme, thus leaving more time for the teacher 
to teach. A great deal of the work may be marked in the same 
way, particularly where it is concerned with the practice of 
mechanical processes. 
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Ideally, of course, each piece of work should be considered by 
teacher and pupil together, so that mistakes can be discussed, 
put right, and avoided in the future. But this is not always pos- 
sible, and often the teacher can do no more than give the 
answers in class and ensure that the children do the necessary 
corrections. What is important, however, is that every child 
should be aware that his work is supervised continuously, and 
checked from time to time, by a teacher who is interested 
in his progress. If a child marks his own work he should be 
encouraged to find out not only where he is wrong but why he 
is wrong. 

Some teachers use a system in which children change books 
and mark each other’s work. This is unsatisfactory because it 
implies that the children cannot be trusted. Moreover, it en- 
courages the children to be interested only in the marks they 
have obtained rather than in the work and how it has been done. 

In some schools children are required to correct (that is, do 
again) every piece of incorrect work. This may not be advisable, 
as it may lead to boredom and frustration. We should always 
consider carefully whether corrections are necessary. Everything 
depends upon the character of the child, the kind of error and 
the nature of the work. 

E — Keeping records 

A simple record of his class is a great help to a teacher. It should 
show a few details of the progress of each individual child. Such 
a record need not be official, but may be kept privately in an 
ordinary exercise book. A page for each child may show such 
details as these: — 

Name and date of birth. 

Address. 

Birthday. (This is often an important annual event for a child, 
and the teacher may well take note of it.) 

Father’s occupation. 

Names and ages of other members of the family. 

Particular interests at home and at school. 

Physical defects (if any). 
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Results of initial testing and information gained at particular 
times from diagnostic tests such as 
which facts are not known; 
whether there are difficulties with ‘carrying’; 
whether reading difficulties arise in the solving of problems; 
etc. 

Further relevant details may be added as the year progresses. 
By the end of the year the teacher has a record not only of the 
child’s progress in arithmetic but also of his general development. 



SOMETHING MORE TO THINK ABOUT? 


It is suggested more than once in this book that, as 
teachers, we should be able to justify the inclusion of 
everything we teach in the primary school. We may be 
able to ‘cut out the dead wood’, that is, to leave out 
some part of the arithmetic which is usually taught in 
schools but has little everyday importance or value. For 
example, rather than spend time on lengthy calculations 
of a kind rarely needed in everyday life, we may help 
children by the introduction of simple ideas of geometry 
and graphs. 

In our particular school we may find it desirable to 
omit other parts of the usual course and, perhaps, to 
introduce a very elementary treatment of topics often 
ignored until the secondary stage of schooling. We 
should always be prepared to re-examine our work and 
to give careful thought to all the possibilities. We must 
find out what is best for our children in our own schools, 
and we can do this only by trying out fresh ideas for 
ourselves. 

The good teacher always feels that there is room for 
improvement, not only in his teaching methods but also 
in what he teaches. Since we live in a changing world 
there is always something new and fresh for us to think 
about. 
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USEFUL MATERIALS 
1 . Materials to be collected locally 

Materials such as the following may readily be obtained by every 
teacher. They are useful in many activities and games, and in making 
apparatus. 6 

Tins (empty and cleaned), of various shapes and sizes: e.g. milk 
cigarette, biscuit, polish, kerosene 
Glass jars (empty and cleaned), of various shapes and sizes: e.g. jam 
paste, ointment ’ 

Earthenware pots: e.g. local utensils 

Bottles (empty and cleaned), of various kinds: e.g. mineral-water, 
beer, medicine 

Boxes (empty and cleaned), of various sizes and types: e.g. match- 
boxes, cardboard cartons, wooden cases 
Packages (empty and cleaned), of all kinds suitable for ‘playing shop’ : 
e.g. packets, cartons, tins, jars, bottles, boxes 


Paper, of all kinds: e.g. brown, coloured, packing, writing, drawing, 
newspaper 

Cardboard, of all kinds: e.g. from boxes, cartons, writing-pads, note- 
books, registers 

Wood: e.g. from boxes, crates, straight branches of trees, carpenters’ 
scrap, builders’ off-cuts 

String, rope, etc. 

Cotton thread, tape, ribbon, etc. 

Wire: e.g. from boxes, crates, etc. 

Rubber bands: e.g. cut fron old inner tubes of bicycle and motor-car 
tyres 

Paste, gum, etc. 

Razor-blades (fixed in wooden handles— for cutting out cardboard, 
etc.) 

Pins, safety-pins, etc. 

Nails, screws, nuts and bolts, etc. . . 

Wheels, of various kinds and sizes: e.g. from worn-out clocks, 
gramophones, bicycles, cars. (These and other useful mechanical 
scrap are often available from bicycle mechanics, garages, public 
works departments, etc.) 


Pebbles (small), shells, fruit stones (dry), etc.— for counting, etc. 

Beads, nuts (dry), etc.— for threading . « j* an( i 

Sand (clean), beans (small, dry), seeds (dry), etc.— to be poured d 
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measured. (Material of this kind should be kept in strong, 
clearly-labelled boxes of convenient size.) 

Clay — for modelling. (To be kept in tins with close-fitting lids.) 

Labels, from discarded packages: e.g. prices, names, descriptions, 
pictures 

Transport tickets (used): e.g. bus, train, steamer, etc. 

Calendars, almanacs, time-tables (bus, train, etc.) 

Newspaper and magazine cuttings: e.g. pictures; graphs; advertise- 
ments (as colourful and attractive as possible) — for ‘shopping’ 
activities; diet sheets and meal recipes — for references to quanti- 
ties; results of athletic meetings, league tables, cricket averages; 
etc. 

2. Materials to be made 

Much of the apparatus mentioned in this book may be made by a 
resourceful teacher, often with the help of the children, from material 
such as that mentioned in section 1. For instance: — 

Sticks (small, short)— for counting, grouping, etc.: e.g. from twigs or 
carpenters’ off-cuts 

Skittles, cubes and other wooden blocks: e.g. from branches or car- 
penters’ off-cuts 

Measuring sticks, 12 and 36 inches, and/or i and 1 metre 
Weights: e.g. sand in bags or sealed boxes or tins 
Measuring vessels: e.g. from tins, bottles or jars 
Pair of scales; see-saw 

Number-trays, number-boards, number-slides, etc. 

Shadow stick; rain-gauge 

3. Materials that may have to be bought 

Rulers, 1 foot and 1 yard, and/or \ and 1 metre 
Tape-measure (preferably steel, to be kept well-greased and preserved 
carefully) 

Weights, standard set: ounce-pound and/or gram-Kilogram 
Measuring vessels, standard : pint, quart, gallon, litre 
Thermometers: wall, clinical, elc. 

Spring balances 

Tools: e.g. hammer, screwdriver, saw, chisel, pliers, pincers, snips, 
file, scissors, knives 

Pencils (coloured), paints, varnish, inks (including ‘water-proof’), 
paint-brushes 

It should be remembered that items in section 3 are often needed for 
lessons other than arithmetic: for example, in science, handwork, 
geography, etc. 



APPENDIX B 


SOME DETAILS OF PAPER 
AND CARDBOARD 
(See pages 468-9) 


Name 

Size 

Thickness 

Cartridge Paper 

(Usual school 
drawing paper) 

Usual size is 30* x 22" 

(This is known as Imperial Size.) But 
it may also be bought in these sizes, 
which are fractions of Imperial Size: 
Folio- 22" X 15" 

Quarto— 11" x 15* 

Octavo-11' x 71*. 

Varies in thickness 
but usual school 
paper is about 

40 lb. per ream 
(480 sheets). 

Manilla Paper 

(Useful for making 
folders and 
envelopes) 

30" x 20' 

This size is known as Double Crown. 

About 80 lb. per 
ream (480 sheets). 

White Card 

(Useful for flash- 
cards, etc.) 

25* x 20* 

This size is known as Royal. 

Thickness specified 
by a number; 
e.g. six (sheet), 
eight (sheet). 

Greyboard 

Strawboard 

Leatherboard 

Usual size is 40" x 30* 

Thickness specified 
by weight; e.g. 

16 oz., 20 oz., 

22 oz. 

Hardboard 

Sold usu;..',y in multiples of four feet; 
e.g. 8' x 4', 8' x 12', etc. 

Very thick. Must be 
sawn. May be 
nailed. 
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SOME BOOKS FOR THE MATHEMATICS 

LIBRARY 

There are hundreds of books on all the various aspects of mathe- 
matics. The teacher has to make his own appropriate selection. The 
following list is intended as a guide towards the choice of books which 
may help the teacher of primary school Arithmetic. 

(G)— published in Great Britain 

(U) — published in the United States of America 

1. PRINCIPLES AND TEACHING METHOD 

ADAMS. A Background of Primary School Mathematics . Oxford Uni- 
versity Press (G) 

BARNETT, faithrjll & theakston. Juniors learning Mathematics. 
E.S.A. (G) 

bass & dowty. Counting and Arithmetic in the Infants School. 
Harrap (G) 

brueckner & grossnickle. How to Make Arithmetic Meaningful. 
Winston (U) 

Buckingham. Elementary Arithmetic; Its Meaning and Practice. 
Ginn (U) 

cuisenaire & gattegno. Numbers in Colour. Heinemann (G) 
daniel. Activity in the Primary School. Blackwell (G) 
dewey. The School and Society. Chicago University Press (U) 
drummond. Learning Arithmetic by the Montessori Method. Harrap 
(G) 

piaget. The Child's Conception of Number. Routledge, Kegan Paul 

(G) 

stern. Children Discover Arithmetic. Harper (U) 

wheat. The Psychology and Teaching of Arithmetic. Heath (U) 

wilson. Teaching the New Arithmetic. McGraw-Hill (U) 

2. historical 

ball. Short Account of the History of Mathematics. Macmillan (U) 
bell. Development of Mathematics. McGraw-Hill (U) 

CAJORI. History of Mathematics. Macmillan (U) 

CAJORI. A History of Mathematical, Notations. Open Court (U) 
HOBSON. John Napier and The Invention of Logarithms. Cambridge 
University Press (G) 

kline. Mathematics in Western Culture. Allen & Unwin (G) 
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SANFORD. Short History of Mathematics. Houghton-Mifflin (U) 
smeltzer. Man and Number. A. & C. Black (G) V 

smith. Source Book in Mathematics. McGraw-Hill (U) 
smith. Number Stories of Long Ago. Ginn (G) 

SMITH & karpinski. The Hindu-Arabic Numerals. Ginn (U) 
YELDHAM. Story of Reckoning in the Middle Ages. Harrap (G) 
YELDHAM. Teaching of Arithmetic Through 400 Years. Harrap (G) 


3. MEASURING 

bowman. Romance in Arithmetic. University of London Press (G) 
groom. The Money Book. Rockcliff (G) 

H ALLOC K & wade. The Evolution of Weights and Measures and the 
Metric System. Macmillan (U) 

HOAD. How Time is Measured. Oxford University Press (G) 
HOGBEN. Man Must Measure. Publicity Products (G) 

NICHOLSON. Men and Measures. John Murray (G) 
quiggar. Survey of Primitive Money. Methuen (G) 
smith. Story of Measurement. Blackwell (G) 
watkins. Time Counts. Neville Spearman (G) 


4. GENERAL 


bakst. Mathematics; its Magic and Mystery. Van Nostrand (U) 
ball. Mathematical Recreations and Essays. Macmillan (G) 
bell. Development of Mathematics. McGraw-Hill (U) 
bell. Mathematics, Queen and Servant of Science. Bell (G) 
bell. Men of Mathematics. (2 Vols.) Penguin (G) 

BROOKES & dick. Introduction to Statistical Method. Heinemann (G) 

burns. First Steps in Astronomy. Ginn (G) 

clarke. Fun with Figures. Heinemann (G) 

dantzig. Number, the Language of Science. Allen & Unwin (G) 

davis & kelly. Short Course on Surveying. McGraw-Hill (U) 

degrazia. Maths is Fun. Al'en & Unwin (G) 

dudeney. Amusements in Mathematics. Nelson (G) 

Garrett. Statistics in Psychology and Education. Longmans (G) 
hart. Makers of Science. Oxford University Press (G) 
heath. Works of Archimedes. Dover (U) 
hogben. Mathematics for the Million. Allen & Unwin (G) 
hooper. Makers of Mathematics. Faber & Faber (G) 
huff. How to Lie with Statistics. Gollancz (G) 
larson. Enrichment Program for Arithmetic. Row Peterson (U) 
Richardson. Surveying for Schools and Scouts^ Pitman (v) 
Turnbull. Great Mathematicians. Methuen (G) 


5. children’s books 

(It is often impossible to find a book or series of books completely 
suited to the needs of children in a particular sc 8 1 
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quently such books do not exist. However, the teacher may select for 
adaptation to local conditions many useful points from books like 
those listed here.) 

burniston. Real Arithmetic. Collins (G) 
carey Francis. Highway Arithmetics. Longmans (G) 
clark & Griffiths. Rightway Arithmetic. University of London 
Press (G) 

clark, JUNE & clark. Growth in Arithmetic. World Book Co. (U) 
durell. Junior School Arithmetic. Bell (G) 

Gunderson & Hollister. Learning to use Arithmetic. Heath (U) 
Hamilton. London Arithmetic. University of London Press (G) 
schonell & cracknell. Right from the Start Arithmetic. Oliver & 
Boyd (G) 

taylor. New Nation Arithmetics. Nelson (G) 

whitwell & goddard. New Primary Arithmetic. Schofield & Sims 

(G) 

williams. Kingsway Junior Arithmetic. Evans (G) 

(Anon.) Practical Malayan Arithmetic. Longmans (G) 

Note— Although arithmetic books written for particular areas are 
not very common, their numbers are increasing nowadays. Teachers 
should always be on the alert for the publication of books designed 
for use in their own regions. 
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Activities, informal, 19-37 
— , oral class, 46-7, 60, 73, 88-9, 
107, 249-51 

Activities, children’s, in addition, 
41 -50, 53-62 

area, 422-3 

capacity, 134-6, 349- 50 

, counting, 21-2, 26-30 

, division, 93-7 

, fractions, 378-86, 388-90 

grouping, 77-9 

, length, 124-31, 302 6 

metric system, 460-4 

money, 264-8, 271 2 

multiplication, 77 80, 

244-55 

- — subtraction, 64 6, 73 

, tables, 244, 247 53 

time, 137-42, 361-6 

weight, 131-4, 325-9 

? volume, 424 5 

Addition, 38-62, 143 66 
— , activities in, 41-50, 54 62 
, analysis of steps in, 158-66 
board, 153-4 
, with capacity, 352 
, complementary 265 
of decimals, 399 
errors common in, 153 6 
facts of, 43, 47-8, 49-60 
, dash-cards for, 58 60 
, of fractions, 388-90, 444 
idea of, 39 
, language of, 38 9 

— of length, 307 -9 

money, 116-17, 271-4 

— practice-cards for, 39, 40, 43, 

53-60 

— , ‘problems’ in, 60- - 

— rhymes, 46 7 

— sign, 39-40 

time, 368 

weights, 330 l 

Analysis of teaching steps in: 

addition, 158-66 
capacity, 354 8 
division, 222-39 
fractions, 454-7 


length, 315-21 
money, 284-91 
multiplication, 203- 1 1 
subtraction, 180-5 
time, 372-6 
weight, 336-45 
Angles, 419 -22 
Apparatus, 466-75 
— , materials for, 467-9 
— , storage of, 469 
— , use of, 47 
Area, 422-4, 461 
Arithmetic, and science, 7 
— , how much?, 8 
Arranging, 23 
Astronomy, 366 
Athletics, 304, 459 

Balance, scales, 132, 473 4 

— , spring, 327 

Bank, class, 118, 265 

Barter, 262 

Bead bars, 29, 49, 153 

Beads, 24, 33, 43, 78 

Bills, 271-2 

‘Bingo’, 248 

‘Birds’ nests’, 78, 80 

‘Blind man’s’ game, 78 

Board, addition, 153 -4 

— , fraction, 267-8, 384- 5, 405 

— , number, 35 

Bushel, 346-7, 351 

Buying, and selling, 1 1 1 20 

Calendar dates, 253 
Calendars, 360-1, 366-7 
Cancelling, 386 
Capacity, 123-4, 134 6, 

46 1 -3 

, activities in, 349 -50 
, addition of, 52 
, analysis of steps in, j 54-8 
changing units of, 351 
division of, 353 
estimation of, 134 
facts of, 346-7, 352 
first ideas of, 123-4 
flash-cards for, 351 


346-58, 
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Capacity in metric system, 461-3 
— , multiplication of, 353 
— , subtraction of, 352 
— , tables of, 346-7, 351 

— and volume, 461-3 
— , work-cards for, 350 
Cardboard, 489 

Cards, see ‘Exercise’, ‘Flash-’, 
‘Number’, ‘Number-pattern’, 
‘Picture’, ‘Practice-’, ‘Work-’ 
‘Carrying’ in addition, 143 6, 151-7 

multiplication, 190 1 

money, 272-4 

Centimetre, 460 1 
— , cubic, 461 -2 
Chain, as unit, 303 
‘Chain tag’, 25 

‘Changing’ of fractions, 384 S 

length, 307 

money, 117-18 

weight, 329 30 

Changing-game, 49 50, 58, 153, 386 
Charts of capacity, 351 

money, 268 c > 

length, 306 7 

tables, 85, 244 -5, 256-60 

time, 366 

— — weight, 329 
Circle, 417 19 

— , circumference of, 422 
— , fractions of, 3S1 
‘sewed’ 385 

Clock-face, 249 50, 422, 474 
Clocks, 137 40, 362 6, 422 
— , twenty-four hour, 363 
Coins, 95, 115-19 
— , history of, 1 10 
— , recognition of, 115 16 
Coin-rubbings, 115 
Collecting, 23, 33 
Common denominator, 387 
Common errors, see ‘Errors’ 
Common fractions, see ‘Fraction s’ 
Comparing, 63 4 
Compass points, 420 
Compasses, 419 
Complementary addition, 265 
Correcting, 483 4 
Counting, 21-30, 147-8 
— , activities in, 21-30 

— in groups, 28 30, 79-80 

— in tens, etc., 148 
— , oral, 26 30 
Cube, 424, 461-2 


Cubic centimetre, 461-2 
Cubic inch, 424 
Cubit, 299 
Cylinder, 425 

Dance rhythms, 25 
Dates, calendar, 253 
Day, as unit, 140, 359 
Decimal point, 396 
Decimals, 392 406 
— , addition of, 399 
— , division of, 400 
— ■, extending H.T.U., 402 5 
— , multiplication of, 400 
— , subtraction of, 399 400 
Decomposition, method of, 171 4 
275-7, 310, 333, 352, 445 6 
Degree, of angle, 393, 421 
Denominator, 387 
Diaries, 140 1 
Digit, 299 
Direction, 419 20 
Division, 91 109,212-39 
— , activities in, 93 9 

— analysis of steps in, 232 9 
— , aspects of, 212 14 

— , by ten, etc., 224 
— , difficulties in, 91 2 
, errors in, 229 30 
facts of, 99 107,216-24 
— , flash-cards for, 107 8 
idea of, 913 
— , language of, 93 

long or short?, 213 16 
, practice-cards for, 102 6 
- , ‘problems’ in, 108 9 
— , remainders in, 96 7 

— rhymes, 97 

— sign, 98 

— ‘train’, 95, 473 
‘trying-out’, in, 224 8 

Division with capacity, 353 

decimals, 400 

fractions, 450 2 

length, 312 14 

money, 1 19, 280 3 

time, 369-70 
-- weight, 334 

Eighths, see ‘Fractions’ 

Elephant, model, 252 3 
Equal additions, method of, 174-7, 
276 7, 310, 333, 352, 445 
Equals sign, 40 
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Equivalence, of coins, 117-19 264-8 

fractions, 384-6 

Errors common in addition, 153-6 

division, 229-30 

multiplication, 200-1 

subtraction, 177-9 

Estimation (guessing), 298 

— of area, 423 

capacity, 1 34 

length, 126, 297 8 

time, 364 

weight, 131 

volume, 424 

Everyday examples, 26, 47, 73, 89, 
97, 107-8, 242, 255, 297-8, 413 
414 

Exercise (revision) card, 479 80 
Experience, children’s, 1, 19 22, 41, 
60-5,76 80, 92-7, 1 10 14, 122-4, 
241-2,377-84,412 17 

Factors, multiplication by, 199 
Facts, arithmetical, 49-50, 240-4 

— of addition, 42, 48, 49 60 

capacity, 346 7, 352 

division, 99 107, 2! 6 24 

length, 306-7 

money, 268-9 

multiplication, 82 9, 188 93, 

240 60 

— — subtraction, 67 73 

time, 366-7 

weight, 329 

Figures, cut-out, 34 
‘Find your partner’, 250 
Fishing-game, 46, 471-2 
Fixing the facts, 42-6 

‘Flags and castles', 33, 78, 8( , 95 
Flash-cards, 247, 472 3 

— for addition, 58- 60 

capacity, 35 1 

division, 107, 252 

money, 266 7 

multiplication, 86 8, 247-8, 

252 

subtraction, 73 

weight, 330 

Folding, 415 -16, 418 

— and cutting, 379-80 
Foot, standard, 125-6 
Foot-stick, ! 25 - 6 
Fourths, see ‘Fractions’ 

‘Fox and goose’, 25 
Fraction-boards, 267-8, 384, 405 
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Fraction-boxes, 386 
Fractions, common, 377-91, 441 - 
457 

— , addition of, 388-90, 444 
— , analysis of steps in, 454-7 

— as percentages, 410 11 

— , changing to decimal, 405 6 
— , changing to percentages, 410-11 
— , children’s experience of, 377-8 
— , division of, 450 2 

- -, equivalence of, 384 6 
— , idea of, 378 9 

- , improper, 388 

- , mixed numbers and, 388 

— , multiplication of, 391, 446-50 

— of lines and shapes, 381-3 

— of measures, 380 1, 387 8 
— , ‘problems’ in, 456-7 

— , subtraction of, 390 1, 445 6 
Fractions, decimal, sec ‘Decimals’ 
Fun with figures, 432-40 
Furlong, 303 

Gallon, 348 
Games: 

‘Bingo’, 248 
‘Blind man’s’, 78 
‘Chain tag’, 25 

'( hanging’, 49 50, 58, 153, 386 
‘Find your partner’, 250 
‘Fishing’, 46, 471 2 
‘Flags and cu-dc ’ ' 78. 80, 95 

i ox and gon.-e', z.s 
‘Guessing’, see ‘1 ^timatton’ 
‘Having visitors', 64 5 
‘1 spy’, 24 
‘Man eater’, 64 
‘Ninepins’, see ‘Skittles’ 

‘Noah’s ark’, 78 
Olympic, 459 

‘Oranges and lemons’, 25, 65 
‘Patience’, 247 
‘Playing house’, 23 
‘Quoits’, 28 
‘Relay race’, 250-1 
‘Roulette’, 248 9 
‘Shop’, 111 21 

‘Skittles’, 27, 33, 43, 49, 64, 66 
‘Sky-writing’, 36, 249 
‘Snakes and ladders’, 251-2 
‘Snap’, 248 

‘Spinning arrow’, 248-9 
Geography, 366 
Geometry, 421 
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Government departments, 467 
Grading, 2, 11, and see ‘Analyses’ 
Gram (gramme), 463-4 
Graphs, 140-1, 427-31 
Gravity, pull of, 322 
Grouping in division, 91-7, 212-14, 
282-3, 313, 334-5, 353 

multiplication, 77-80 

Groups, counting in, 28-30 
Growth, plant, 141 
Guessing, see ‘Estimation’ 

Gum, 468 

Halves, see ‘Fractions’ 
Hand-clapping, 47 
Handling of materials, 21 
‘Having visitors’, 64-5 
Hearing, 20 

— and speaking, 243 -4 
History, 366 

— of measures : 
decimal system, 393 
length, 295-6, 299-301 
metric system, 458 
money, 261-3 

time, 359-60 
weight, 322 4 

Hundreds column, 151, 153 
Hundredths, 400 402 
Hundredweight, 323, 327 

‘I spy’, 24 

Improper fractions, 388 
Inch, standard, 126 9 
— , cubic, 424 

— , fractions of, 302 3, 380-1 
— , origin of, 296 
— , square, 423 
Ink-blot shapes, 416 
Inset tray, 24, 32 

Kilogram, 464 
Kilometre, 460 

Language of addition, 38 9 

division, 93 

multiplication, 80-2 

subtraction, 66 

lines and shapes, 413 

Length, 122, 124-31, 299-321, 459 
461 

— in metric system, 459-61 
— , activities in, 124 31 

— , addition of, 307-9 


Length, analysis of steps in, 315-21 
— , changing units of, 307 
— , division of, 312-14 
— , estimation of, 126 
— , facts of, 301, 306 
— , flash-cards for, 330 
— , fractions in, 388 
— , history of, 295-6, 299-301 
— , multiplication of, 311-12 
— , subtraction of, 309-1 1 
— , tables of, 306-7 
— , work-cards for, 308-10 
Lines, curved, 414 
— , parallel, 415 
— , straight, 414 
Litre, 463 

‘Magic’ squares, 434 
‘Man-eater’, 64 
Maps, 426 
Marbles, 28 
Markets, 111-12, 272 
Marking, 483 4 
Matching, 32-3 
Matching-board, 35 
Materials, 25-6, 467 9, 487 9 
Measures and measuring, 122-42, 
292-8, 396 7, 422-5 

, history of, 295 6, 299-301, 

322 4 

in fractions, 387 8 

, ‘natural’, 299 301 

- , standard, 299 301 

of ar ea. 387, 422 4 

- - of capacity, 134 6, 349-50 

of length, 124 31, 299 301, 

380, 422 

— - - of money, 110 21, 264 9 
of time, 136 42 

- - — of weight, 131 4 

of volume, 424 5 

Measuring apparatus, 126 31, 132- 

142, 473 4 

— cards, 127, 397 

— wheel, 304 

Memorizing, 53 60, 69 73, 84-9, 
99 -108, 242 54 
Mental arithmetic tests, .482 3 
Metre, as unit, 458 60 
Metric system, 458 65 
Mile, as unit, 299, 303 4 
Millimetre, 460 1 
Minus sign, 66 

Mixed numbers in fractions, 388 
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Models, 78 -9, 111-15 
Money, 95, 110-21,261-91 
—.activities in, 110-21, 264-8, 
271-2 

— , addition of, 116 17, 271 4 
— , analysis of steps in, 284-91 
— , changing units of, 117 18, 264 9 
— , decimals of pound, 398-9 
— , division of, 119, 280-3 
— , facts of, 268 
— , — , first ideas of, 110 
— , flash-cards for, 266 -7 
— , fractions in, 267-8 
— , history of, 261-3 
— , multiplication of, 119, 277-80 
— .practice-cards for, 119 21, 
265-6 

— , subtraction of, 118, 275 7 
— , tables of, 268 

— , work-cards for, 119-21 

Month, as unit, 140, 360 
Moon, 359-60, 366, 422 
Multiplication, 76 90, 186 211, 

240 60 

— and word ‘times*, 81 

— , activities in, 77-80, 244 55 
— , analysis of steps in, 203 1 1 

— by factors, 199 

— by ten, etc., 193 o 

— , errors common m, 200 1 
— , facts of, 82-9, 186 7 
— , (lash-cards for, 86 K 
— , idea of, 76 7, 188-90 
— , language of, 80-2 
long, 196 9 

— , practice-cards lor, 84 6 

— ‘problems’ in, 89 

— rhymes, 80 

— , short methods of, 1 () 0 3 

— tables, 82 9, 240 60 
Multiplication with capacity 333 
common fractions, 391, 446- 

450 

decimals, 400 

length, 311-12 

money, 119, 277 80 

time, 369 

weight, 333 4 


‘News’, 24 , 

‘Ninepins’ — see ‘Skittles 
‘Noah’s Ark’, 78 

Noughts, 33 4 36, 44, 50, 53, 6 , 
81,84, 194 


Noughts in multiplication, 201 

— in division, 221-4, 230 
Number, 13-37 

— board, 35 

— cards, 33 4, 39, 40, 66, 149 

— names, 1 3—16, 30 2 

— ‘oddities’, 246, 435 

— patterns, 245-6 

— rhymes, 25 
. cprieQ 434 

— slide, *34-5, 44, 49, 80, 95, 106, 

153,469-70 

— songs, 25 

— squares, 246 

— ‘story’ apparatus, 44 5, 58, 65 

— strips, 30, 44-5 

— symbols, 13-16, 30 7 

— systems, 144-6, 148 

— tales, 79 

— tops, 45, 49, 471 

— tray, see ‘Tray’ 

Numerator, 387 

« 

‘Olympic games’, 459 
‘Oranges and lemons’, 25, 65 
Organization, 476-85 
Ounce weight, 133, 323 


Pacing-stick, 305 
Palm, as unit, 299 
Paper, buying of, 489 

— folding and cutting, 379 80, 

415-16,418 

— .squared, 36-7, 148, 150, 190, 

194, 382-3, 397 8, 402 3 
Parallel lines, 415 
‘Patience’, 247 
Pattern number cards, 28 9 
Patterns, number, 245 6 
Peg-board, 23 
Pence table, 268 -9 
Pendulum, simple, 365 
Percentage, 406-11 
Perimeter, 422 
Perspective, 415 
Physical education, 25, 97 
Pint, 135 

— , fractions of, 388 
Place-value, 49, 143-6, 150-1 

idea of, 147-8 

Place-value slide, 195- 6, 224, 40 -5, 
474-5 

Plan, for school, 256-60, 476 8 
Planning, see ‘Analyses’ 
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Plans, 305, 426-7 
Playing, 21-2 
‘Playing house*, 23 
Plus sign, 39 
Point, decimal, 396 
Points of the compass, 420 
Posting-box, 23 

Pound (currency), 261 3,266 9 

, fractions of, 384, 405 

— (weight), 132-3, 323 

, fractions of, 323, 325 

Practice-cards for addition, 54 9 

addition and subtraction, 72 

division, 102-6 

length, 127 

money, 1 19-21, 265-6 

multiplication, 84-6 

and division, 102-3 

subtraction, 70-73 

Practice revision sheet, 254 -5 

Prices, 114-15, 272 

Primary facts of addition, 49 54 

division, 99- 107 

multiplication, 82 7 

subtraction, 67-73 

Prime numbers, 253 
Problem-type examples in addition, 
60 2, 159 65 

capacity, 357 

division, 108-9, 233 9 

fractions, 456-7 

fun v 438 -40 

length, 319 21 

money, 288-90 

multiplication, 89, 205 11 

percentages, 410 11 

subtraction, 74 5, 181-4 

time, 375 

weight, 340 2 

Puzzles, 439 -40 

Quart, 135 

Quarter as fraction, 377 -9 

weight unit, 326-7 

‘Quoits*, 28 

Radius, 418 
Railways, 415 
Rainfall graphs, 430 
Readiness for learning, 18 19 
Ready reckoners, 281 
Recording, children’s, 40 1, 66, 80 - 
82, 9? 9, 1 16 21, 129, 305, 349- 
350, 369-70, 399-400, 406, 449-50 


Records, teachers’, 53-5, 484-5 
Rectangle, 416, 423-4, 437 
— , fractions of, 382 
Reduction, see ‘Changing’ 
‘Relay-race’, tables, 250-1 
Remainder, in division, 96-7, 103- 
105, 218-21 

Revision exercise card, 479-80 
Revision practice sheet, 254-5 
Rhymes, addition, 46-7 
— , counting, 21—2, 25, 27, 31 
— , division, 97 
— , multiplication, 80 
— , subtraction, 65 
Right angle, 421 
‘Roulette’, 248-9 
Ruler, 125, 127 8, 130 
Rules, arithmetical, 9-10 

Sand, 36 
Scale, 425-7 

— drawing, 426 -7 
— , wall, 129 
Scales, 132, 473-4 
Science, 366 

— and arithmetic, 7 
Screen, blackboard, 189 90 
Second, as time unit, 360-1, 364-5 
Seeing, 20, 244 -8 

See-saw, 326 

Senses, learning through the, 19 -22, 
242-55 

‘Sewed’ circle for fractions, 385 
Shadows, 419 
Shapes, 415 31, 437 8 
— , fractions of, 381-2 
Sharing, in division, 91-7, 212-14 
282, 312, 334, 353 
Shillings table, 268 9 
Shopping, 119-21, 271-2 
Shops, class-room, 1 1 1- 21 
Short methods, 280, 435 -7 
Sign, addition, 32 
— , division, 98 
— , equals, 40 
— , multiplication, 82 
— , subtraction, 66 
‘Skittles’, 27, 33, 43, 49, 63, 66 
‘Sky-writing’, 36, 249 
Slide, number, 34-5, 44, 49, 80, 95, 
106, 153, 469-70 

— , place-value, 195-6, 224, 404-5, 
474-5 

‘Snakes and ladders’, 251-2 
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‘Snap’, 248 
Solids, 419, 425 
Sorting, 22, 28 
Span, as unit, 299 
Spastic children, 21 
‘Spinning arrow 1 , 248 -9 
Spring balance, 327 
Square, fractions of, 382 
Square foot, 423 

— inch, 423 

— yard, 423 

Squared-paper, see ‘Paper 1 
Standard measures, see ‘Units 1 
Stencils, 36 

Steps, in teaching, see ‘Analyses 1 
Stone, as weight unit, 323, 326 
Storage of materials, 469, 480 
Straight line, 414 
Striding, 27 

Subtraction, 63 75, 167 -85 
— , activities in, 64 6, 73 
— , analysis of steps in, 180 5 
— , aspects of, 63-4, 168 70 
— , decomposition method of, 171 
174 

— , ‘downwards 1 method in, 170 
— , equal additions method of, 
174 7 

errors common in, 177 9 
— , facts of, 67 73 
— , flash-cards foi, 73 
— , idea of, 63 
— , language of, 66 
— , practice-cards for, 70 
— , ‘problems’ in, 74 5 

— rhymes, 65 

— , ‘upwards’ method in, 170 
Subtraction with capacity, 2 

common fractions, 390 1, 

445 6 

decimals, 399 40 

length, 309 1 1 

money, 1 18, 275 7 

time, 368 9 

weight, 331-3 

Surfaces, 425 

Symbols, number, 13 16, 30-7 
Symmetry, 416 

Tables, multiplication. 82 5, 193, 
240 60 

— , charts, 244 5 
— , meaning of, 240 1 
— oddities, 246 7 


Tables of capacity, 346-7, 351 
~ of length, 306, 461 

— of money, 268 9 

— of time, 366-7 

— of weight, 329 
Taking away, 63 4 
Temperature graphs, 427 8 
Tens column, 148-57 

Tens, multiplication by, 193 6 
— , quick division by, 224 
Tenths, see ‘Fractions 1 
Testing, 481-3 

Threading beads, sec ‘Beads 1 
l ime, 6, 124, 136-42, 359 76 
— , allocation of teaching, 260 
— , analysis of steps in teaching, 
362 6 

— , and the arithmetical processes, 

368 70 

— , children’s activities in, 362 6 
— , estimation of, 364 
— v facts of, 366 
— , first ideas of, 124 

history of units, 359-60 
table of units, 366 
telling the, 136 40 
— , work -cards for, 368 
Times, in multiplication, 80-1 
Time-tables, 365, 371 
Ton weight, 323 
Tops, number, 45, 49, 471 
Tracing paper, 36 
Tray, inset, 24, 32 
— , number, 22 3, 28, 32 3, 77 - 8, 
80, 94, 116, 118 
Treasure hunt’, 420 
Trying out’ in division, 224 8 
Twelfths, see ‘Fractions 1 

Units column, 150-7 
Units of measurement: 
area, 422-3 

capacity, 346-7, 351, 461 -3 
length, 299-301, 306 7, 459-61 
money, 262, 268 

natural and standard, 125, 299- 
301 

time, 359-60, 366 
. weight, 322 4, 329 
volume, 424 

Varnish, 468 
Volume, 424-5, 461-3 
— , metric, 461-3 
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Wall pockets for cards, 480 Weight, table of, 329 
Week, as unit, 140 — , work-cards for, 330-3 

Weight, 123, 131-4, 322 45, 463 4 Work-cards for: 

— , activities in, 131 4, 325 -9, 463 4 capacity, 350 


— , addition of, 330-1 
— , analysis of steps in, 336 45 
— , division of, 334 
— , estimation of, 131 2, 326 
— , facts of, 329 
— , first ideas of, 123 
— , flash-cards for, 330 
— , history of, 322-4 
— , in metric system, 463 -4 
— , multiplication of, 333-4 
— , subtraction of, 331-3 


length, 308-13 
money, 119-21, 266 
time, 368-70 
weight, 330-3 

Yard, standard, 129 30, 300 
— , square, 423 
Yard-stick, 129-30 
Year, 360-1 

Zero, see ‘Nought’ 
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A BACKGROUND TO 
PRIMARY SCHOOL MATHEMATICS 

By L. d. adams. formerly II. M. Inspector of Schools 
2$ 8 pages. Cloth boards* 1 2s. net^ 

This is a book for teacher* on t lie philosophy of Primarv School 
Mathematics, with a great many practical examples and illustra- 
tions at each stage. 

i If Miss Adams does not make all of us, converted and un- 
converted alike, reconsider our methods of teaching mathematics . 
then I dotit know iciw will / National Froebel Foundation Bulletin. 
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A KITH MKT 1C I'RACTICK 

By I). A. noi.i.\M>. Mathematics Master at Forest 
Lodge Junior School* I eicestcr 
Fight books 01- pages Manilla covers * each 2s, ini. 

1. Addition. 2. >ubt ivrt ion. 3, Short Multiplication. 

4. Short Dixi-don. .7. Munev: \ddiiion and Subtraction. 

{>. Moijc\: Mull jpiical ion and i)i\i<dou. 

7. Weights ami Measures, h. Fractions. 

Fight Feather's Books, Gkh A ns ice/ s in redJ 

Manilla covers . each os. 

A PLA ;'l L!s I > A \ A t LA H L ft. 

'These caicjuily graded books are very useful ' oh rial for con- 
solidating basic uoik in young juniors and for sf ; if 

later stugr. They can also be used for diagnostic 
reading * working* and marking The 
\ . . 7 here aie number charts for repetitive prq 
feature -the examples are so fainted ilia! paper 
lend with them so that answers only need be wriit 
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\ . . the series will undoubtedly supply an 
remedial teaching of retarded children." V 

The Time* Educational Supplement. 

UXKOKI) <; KA DJvl) . . 

AltmiMKTlC CKOBtKAtf- 

By i). o oli. am d and ii. CHKSTERMAn 

Four books 01 pages, an ilia covers * each 2s. Ud y 
Book la (Mental Age *7 8 ; ). Book 3a (Mental Age 9-J0 ; ) 

Boyk 2a (Mental Age 8- *) ) Book 4a (Mental Age J0-11-! ) 

Four Teacher's Books* ivjjth Insicers in red . 

m Manilla covers , each 5s. 

prices are subjext to alteration 

Oxford University Press 


